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COURSE INFORMATION

Credits: 3 credits
Class Hours: 42 contact hours in total
Class Period: 22 December 2026 - 7 January 2027

SHORT COURSE DESCRIPTION
This intensive three-week Winter School immerses international undergraduate students in the

mathematical foundations of chaos theory and nonlinear dynamics, using the Korean peninsula as a
living laboratory. Students will discover that the same mathematics governing a dripping faucet also
describes the fractal coastline of Jeju Island, the tipping-point demography of a super-aging society,
the viral diffusion of K-pop across social networks, and the surprising paradox by which Seoul's city
planners improved traffic by removing a road. Chaos theory, far from being an abstract curiosity, proves
to be the hidden grammar of Korean modernity: written into its volcanic coastlines, its demographic
cliff, and its globally dominant popular culture alike. No prior exposure to differential equations is
assumed beyond single-variable calculus; a spirit of intellectual curiosity is the only prerequisite. The
course is taught in English and enrolls students from across the world. Daily lectures run 120 minutes,
followed by 90 minutes of student activities. Each week culminates in a structured exposition that
anchors abstract theory to observable Korean geography and urbanism.

LEARNING OBJECTIVES
By the end of the course, students will be able to:

1. Analyze the behavior of nonlinear dynamical systems, including fixed points, stability conditions, and
bifurcation sequences, using both analytical methods and computational tools.

2. Apply the box-counting algorithm to empirical datasets to calculate fractal dimension, and interpret
the result as a meaningful descriptor of real-world complexity.

3. Construct a parameterized dynamical model of a chosen Korean social, economic, or geographic
phenomenon, simulate its behavior computationally, and evaluate the validity of its underlying
assumptions.

4. Compare mathematical structures across disciplinary contexts; recognizing, for example, the shared
nonlinear feedback logic in epidemic spreading, demographic tipping points, and economic
emergence.

5. Communicate a reproducible computational analysis, including methodology, results, and
limitations, clearly and accurately to an audience without specialist prior knowledge.



READING MATERIALS

James Gleick. Chaos: Making a New Science, Penguin, 2008.
ISBN-13: 978-0-1431-1345-4 SKKU Library: WW0219503 003 G556c.

Steven H Strogatz, Nonlinear Dynamics and Chaos: With Applications to Physics, Biology, Chemistry,
and Engineering, 3" edition, Chapman and Hall/CRC, 2024.
ISBN-13: 978-0-3670-2650-9 SKKU Library: WW0175723 501.185 $921n3.

COURSE REQUIREMENTS AND GRADING

Passing criterion

All WISE classes are either pass or fail based on student academic achievement evaluated by grades
on a scale of 100 points. The criterion for passing the course is a grade of 60 or above.

Attendance
Although SKKU requires students to attend at least 80% of all class meetings and we have 12 class
meetings in total, all students are required to have 100% class attendance.

Grading percentages
Attendance and participation (20%), Homework assignment and quizzes (40%), Final project
presentation (40%).

Electronic resources
Students are expected to regularly check the Canvas-based learning management system iCampus
for updates and announcements regarding the course.

Academic honesty
Students are expected to be familiar with SKKU's policies regarding plagiarism and academic

dishonesty.

COURSE SCHEDULE

- WEEK 1 -

1. Tuesday (22 Dec): What is a Dynamical System? Iteration and the Han River (2tZ, J&5T) as
Metaphor

The opening lecture establishes the central vocabulary: state space, time evolution, discrete versus
continuous systems, and determinism versus predictability. The Han River (2tZ, J&5T) is introduced
not as decoration but as a genuine case: students examine daily discharge data (cubic meters per
second, 1966-present) from the National Water Resources Information System and identify how a
simple nonlinear rainfall-runoff model of the form x_{n+1}=r x_n (1 - x_n/K) captures the river's
seasonal memory. The lecture closes by pointing forward: the same equation, fully abstracted, will
generate chaos before the week is out.

2. Wednesday (23 Dec): Fixed Points, Stability, and the Cobweb: Demographic Equilibria in a
Shrinking Korea

Stability analysis for one-dimensional maps is developed rigorously: fixed points defined as solutions
to x* = f(x*), stability classified by f (x*) 1, and | f ‘(x*) | S the cobweb diagram introduced as a
geometric method requiring no algebra.



The Korean demographic system is the vehicle: a discrete time model of total fertility rate, net
migration, and population stock is constructed live on the board, letting students identify the two
fixed points (stable replacement equilibrium and the unstable "demographic cliff" toward
depopulation). The concept of a basin of attraction receives its first treatment here.

3. Thursday (24 Dec): The Logistic Map, Period-Doubling, and the Road to Chaos

This is the technical core of the course. The logistic map x_{n+1} = r x_n(1 - x_n) is analyzed
exhaustively: the period-1 fixed point, the first period-doubling bifurcation at r=3, the cascade to
period-4 and period-8, and the onset of chaos near r=3.57. Feigenbaum's universal constant 6=4.669
is stated and numerically verified. The bifurcation diagram is constructed both analytically and
computationally. Students encounter sensitive dependence on initial conditions for the first time
through the "butterfly" demonstration: two trajectories initialized at x_0 = 0.5 and x_0 = 0.50001
diverge exponentially within 40 iterations.

Friday (25 Dec) - Holiday

- WEEK 2 -

4. Monday (28 Dec): Gyeongbokgung (A5, =i&=) Modeling Challenge: Fractal Dimension of
Palace Rooflines

Students travel to Gyeongbokgung Palace (8BS &, =i&) in central Seoul. Armed with laptops,
image analysis software, and printed reference photographs, they complete the first modeling
challenge. The task is operationally precise: photograph or use a provided high-resolution image of
the Geunjeongjeon (Z &, EIXER) throne hall roofline, digitize the silhouette curve, and apply
the box-counting algorithm to estimate its fractal dimension D. The Dancheong (Et&, f55)
decorative eaves motifs are documented photographically and analyzed qualitatively as the first
example of culturally encoded self-similarity. Groups debrief in the palace courtyard, comparing their
D estimates and discussing sources of measurement error (image resolution, box-size range, edge-

detection thresholds).

Tuesday (29 Dec): Fractal Geometry: Coastlines, Mountain Ridges, and the Aesthetics of
Dancheong (THY, #8%)

The lecture opens with Mandelbrot's original question: "How long is the coast of Britain?", and
derives the Richardson scaling law L(g) e*(1 - D) ~ that defines fractal (non-integer) dimension.
Three Korean case studies are developed in sequence. First, the Jeju Island (K| X, ZEMNE)
coastline: the empirical result D=1.29 is situated between the smooth curve (D = 1) and the Brownian
frontier (D = 1.5), interpreted as a signature of the island's volcanic origin (basalt lava flows produce
irregular but not maximally rough coastlines). Second, the "topological backbone" of the Baekdu-
daegan (B S=CHZF, HEEKEE) mountain ridge system is introduced as an example of a branching
fractal network whose box-counting dimension encodes the drainage basin geometry. Third,
Dancheong (£t f475) patterns on temple eaves are examined as culturally intentional fractals:
the nested geometric motifs (lotus, cloud, and thunder patterns nested at three to four scales) are
digitized and analyzed, raising the question of whether pre-modern Korean artisans were intuitively
encoding self-similarity.



6. Wednesday (30 Dec): Strange Attractors, Braess's Paradox, and Seoul's Urban Topology

The lecture introduces the Lorenz system as the canonical example of a strange attractor, derives
its equations heuristically from convective fluid dynamics, and discusses its key properties: fractal basin
boundaries, positive Lyapunov exponents, and the non-integer Kaplan-Yorke dimension. The session
then pivots to Seoul traffic, developing two linked case studies. Braess's Paradox is introduced
formally: in a network with Nash-equilibrium routing, adding a high-capacity link can paradoxically
worsen average travel time. The removal of the Cheonggyecheon (HAH, 5&2)I) elevated
expressway (1.2 million vehicles rerouted in 2003) is analyzed as a real-world instance, traffic
engineers predicted gridlock but observed a measurable improvement in average journey

times, and the class constructs a minimal two-route model that reproduces the paradox. Percolation
theory is then used to model traffic network resilience: students learn that Seoul's road network
near its percolation threshold is hypersensitive to localized failures (a single tunnel closure,

a stadium event), exhibiting phase-transition behavior with a sharp critical exponent.

7. Thursday (31 Dec): Tipping Points and Social Phase Transitions: Korea's Demographic Cliff and
the SEIRS Fan-Base Model

This lecture develops two socially significant Korean dynamical models. The first is a continuous-time
extension of Day 2's demographic cobweb: a full Lotka-Sharpe-style age-structured model of South
Korean population dynamics (fertility rate 0.72 as of 2023, the world's lowest) is projected forward
under three scenarios, that is, status quo, policy intervention, and maximum-immigration, revealing
the mathematical inevitability of the population cliff and the sensitivity of the collapse timescale to
small changes in fertility near the bifurcation point. The concept of hysteresis is introduced: even if
the fertility rate recovers, the population age structure "remembers" the trough. The second model
applies the SEIRS compartmental framework to K-pop fandom diffusion. The analogy is precise:
Susceptible listeners are exposed to content (E), become Infected fans who generate new exposure
(), and eventually transition to Recovered passive listeners (R) who may re-enter the susceptible
pool. The model is calibrated against BTS album sales data and Twitter engagement metrics from
2013-2019, demonstrating that the initial burst and eventual plateau conform to epidemic dynamics
with an effective reproduction number R_0 > 1 during the "breakthrough" phase.

8. Friday (1 Jan) - Pre-recorded Lecture

Cheonggyecheon Stream: Traffic Flow Simulation Challenge

For the second modeling challenge, the group visits the Cheonggyecheon (R A&, 5&2)JI|) stream
corridor, the site of the famous expressway removal, and documents current pedestrian
density, vehicle flow on adjacent roads, and green-space usage using a structured observation
protocol.

- WEEK 3 -

9. Monday (4 Jan): Emergence, Self-Organization, and the 'Miracle on the Han River' as a Complexity
Economics Case Study

The lecture introduces complexity economics (drawing on the Santa Fe School framework of Brian
Arthur and Eric Beinhocker) and positions South Korea's post-1960 industrialization as a canonical
example of emergent macro-order arising from micro-level nonlinear interactions. The "Miracle on
the Han River" (H& 2| 7|A, JE5T2| FHE&) is analyzed not as a product of optimal planning but as



a self-reinforcing feedback system: export earnings funded industrial capacity which reduced unit
costs and enabled further exports, a classic positive feedback loop that drove the economy far from
the linear "development economics" equilibrium. Students learn how the concept of lock-in
(multiple stable equilibria in a technology adoption market) explains why Korean heavy industry
concentrated in steel, semiconductors, and shipbuilding rather than other plausible sectors. The
lecture situates these ideas formally using a two-sector growth model with endogenous increasing
returns, producing a bifurcation diagram where the "high-growth attractor" only becomes accessible
above a threshold investment rate.

10. Tuesday_ (5 Jan): Network Dynamics, Information Cascades, and the Global Spread of Hallyu
(SHR, #R)

This lecture introduces network topology as a dynamical substrate: Erdés-Renyi random graphs,
scale-free Barabasi-Albert networks, and the small-world Watts-Strogatz model. The key result that
epidemic spreading on scale-free networks has no epidemic threshold is derived and applied to the
global diffusion of the Korean Wave (Hallyu). YouTube viewership data for milestone K-pop videos is
used to calibrate a network spreading model, demonstrating that the power-law degree distribution
of the YouTube recommendation graph allowed Hallyu (2+5, 3%) content to achieve global reach
from a relatively small initial seed population. The session closes with a synthesis of all three weeks:
students are shown the mathematical isomorphism between epidemic models (Day 7), network
spreading (today), and the logistic map (Day 3), different faces of the same nonlinear feedback
structure.

11. Wednesday (6 Jan): Measuring Complexity: Fractal Dimension, Entropy, and the Topography of
Korea Revisited

The penultimate lecture provides the rigorous theoretical capstone. Fractal dimension is generalized
beyond box counting to the Hausdorff-Besicovitch definition, the correlation dimension D_2
(computable from time-series data via the Grassberger-Procaccia algorithm), and the information
dimension D_1. The multifractal formalism, motivated by the observation that the Jeju (K| F &=, &
N &) coastline has different local roughness at different points, is introduced as the full
generalization. Students revisit the Korean mountain ridge data from Day 5 and apply the
Grassberger-Procaccia algorithm to estimate the correlation dimension, comparing the result to the
boxcounting estimate and discussing the discrepancy as a signature of anisotropy in the terrain.
Shannon entropy and topological entropy are defined and connected to the Lyapunov exponent via
Pesin's identity, closing the theoretical loop between information theory and dynamical complexity.

12. Thursday_ (7 Jan): Final Project Presentations and Symposium

The course concludes with student symposium. Each group of two to three students delivers a 10-
minute presentation plus five minutes of questions, in the format of a mini conference talk. The
audience includes the course instructor, teaching assistant, and the full student cohort. Presentations
are assessed against a published rubric covering mathematical correctness, quality of the Korean
case-study integration, reproducibility of the computational work, and clarity of communication to a
mixed-background audience.



