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Position in Knowledge Graph
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This is the capstone node of the entire game theory course. Every preceding module has studied games in
isolation: a fixed set of players, a fixed strategy space, a fixed payoff function, a fixed information structure.
10.1-10.5 began to relax these assumptions: institutions select which game is played (10.1), mechanisms layer
on mechanisms (10.2), contracts structure bilateral relationships (10.3), commitment devices alter the game
tree (10.4), collective choice determines institutional rules (10.5). 10.6 takes the final step: it considers the
entire ecosystem of interacting games, players, strategies, and institutions as a single dynamical system. In
a strategic ecosystem, players participate in multiple games simultaneously, strategies in one game affect
outcomes in another, populations of strategies evolve over time across games, and the games themselves
change in response to the population dynamics. The poker ecosystem — solvers, human players, training
sites, coaches, staking operations, casinos, online platforms, tournament circuits, regulatory bodies — is the
paradigmatic example. This node develops the formal framework for analyzing such systems, proves results
about ecosystem equilibria and dynamics, and shows how everything in the course comes together.

Formal Definition

A strategic ecosystem is a tuple

E=(G,N,0,%,11,9,9)

where:

o G={G1,Ga,...,Gk} is a finite set of games (the constituent strategic interactions of the ecosystem).
Each G = (Ng, Sk, ux) is a game in the sense of 1.1, possibly extensive-form, repeated, or Bayesian.

e N is a finite set of ecosystem agents. Each agent ¢ € N participates in a subset G; C G of games.

o © ={0;}icn is the type profile: each agent has a type (skill, risk preference, bankroll, information
set) that affects their play across all games.

o X =TI, ergi S; is the ecosystem strategy space: each agent’s ecosystem strategy specifies their
strategy in every game they participate in. An ecosystem strategy profile is o = (0;);en € 2.

e II: X — RY is the ecosystem payoff function: II;(c) = Ekegi wik, - Ul (ok), where w;y, is the weight
(frequency, stakes, importance) of game k for agent 4, and oy, is the restriction of o to game k.

e ®:X¥ x G — G is the ecosystem dynamics: the strategy population at time ¢ determines the games
that exist at time ¢+ 1. This captures institutional evolution (10.1), mechanism adaptation (10.2), and
technological change.

e § € (0,1) is the ecosystem discount factor, governing the relative importance of current vs. future
payoffs across the ecosystem.

An ecosystem equilibrium is a pair (¢*,G*) such that:



1. Within-game equilibrium. For each game G} € G*, the strategy profile o} restricted to G}, is a
Nash equilibrium (or BNE, or SPE, as appropriate).

2. Cross-game consistency. No agent can improve their ecosystem payoff II; by reallocating effort,
time, or capital across games: o} € argmax,, II;(0;, 0% ,).

3. Institutional stability. The game set G* is a fixed point of the dynamics ®: ®(c*,G*) = G*. No new
games emerge and no existing games disappear at the equilibrium.

An ecosystem equilibrium is evolutionarily stable if, in addition, it is robust to small perturbations in the
population strategy (per 7.4): any small invasion by a mutant strategy earns lower ecosystem payoff than the
incumbent.

Intuition

No player exists in a single game. A professional poker player simultaneously participates in: the hand
game (the actual cards), the session game (selecting tables, managing tilt, quitting at the right time), the
career game (studying, coaching, networking), the financial game (bankroll management, staking deals), the
institutional game (choosing venues, responding to regulatory changes), and the social game (reputation,
community standing, information sharing). FEach of these “games” has its own strategy space, its own
equilibrium, and its own payoff structure. But the games interact: your reputation in the social game affects
your opponents’ strategies in the hand game; your staking deal in the financial game constrains your risk
tolerance in the session game; the regulatory environment in the institutional game determines which hand
games are available.

A strategic ecosystem is the formalization of this interacting collection of games. The ecosystem is not
just a big game (that would be a standard multiplayer game, analyzed with the tools of Modules 1-2). It is a
system in which:

1. Games are objects, not just settings. Games are created, modified, and destroyed by the players’
collective behavior. A new poker format catches on; an old format dies; a regulation changes the game;
a solver changes the strategy population.

2. Strategies span multiple games. An agent’s ecosystem strategy is not a strategy in a single game
but a portfolio of strategies across multiple games. Optimizing in one game while ignoring others is
suboptimal if the games interact (which they always do through shared resources — time, bankroll,
attention, reputation).

3. Populations evolve. The distribution of strategies in the ecosystem changes over time. Weak strategies
are exploited and exit; strong strategies attract imitators; the resulting population dynamics determine
the long-run state of the ecosystem. This is evolutionary dynamics (Module 7) applied to a multi-game
setting.

4. The ecosystem itself evolves. Not only do strategies change; the games themselves change. A
casino introduces a new tournament format; a training site publishes a new solver output; a government
regulates online poker. These changes alter the game set G, the payoff functions, the strategy spaces.
The ecosystem dynamics ® captures this.

The key insight of 10.6 is that no game in the ecosystem can be fully understood in isolation.
The equilibrium of the hand game depends on who is playing (determined by the session game and the
institutional game); the equilibrium of the staking game depends on the hand game’s variance and edge;
the equilibrium of the training market depends on the gap between solver-optimal and human-optimal play.
Everything is connected.

Structural Role

10.6 is the terminal node of the course. Every module feeds into it:



e Module 1 (Strategic form): The atomic unit of the ecosystem is a game Gj,.

e Module 2 (Equilibrium): Ecosystem equilibrium requires within-game NE at every constituent
game.

o Module 3 (Extensive form): Many constituent games are sequential (the hand game, the session
game).

o Module 4 (Bayesian games): Players have private types across the ecosystem.

o Module 5 (Repeated games): Many constituent games are repeated (the career game, the reputation
game).

e Module 6 (Mechanism design): Institutions and platforms are mechanisms designed to govern
constituent games.

e Module 7 (Evolutionary games): Population dynamics over strategies across the ecosystem.

o Module 8 (Networks): The ecosystem has a network structure — games connect to games, players
connect to players.

e Module 9 (Learning): Players learn and adapt across the ecosystem.

e Module 10.1-10.5: Institutions, layered mechanisms, contracts, commitment, and collective choice
are all features of the ecosystem.

The capstone status of 10.6 means it does not enable future nodes — it is the destination. But it also means
it requires the conceptual machinery of the entire course. A student who understands 10.6 understands how
all the pieces fit together.

Mathematical Development
Cross-game interaction effects

Let agent i participate in games G; and G5. The ecosystem payoff is
i(0},07) = wiui (o}, 0L;) + wauy (o7, 02;)
If the games are independent (separate opponents, no shared resources), the ecosystem equilibrium decomposes:

ol* € NE(G1),0%* € NE(G2) independently. But if the games interact — through shared resources (time,
bankroll), shared opponents (reputation), or shared information — the decomposition fails.

Shared bankroll. If the agent has a fixed bankroll B allocated between games, the payoff functions are
coupled:

I0; = wui (o}, by) +woub(o?, B —by)
where by is the bankroll allocated to game 1. The optimal allocation satisfies the equimarginal principle:

w oul —w ol
Yob, — 2 oby

Marginal returns per dollar of bankroll must be equal across games — otherwise the agent should reallocate.

Shared reputation. If the agent’s reputation in game 1 (e.g., being known as a tough player) affects
opponents’ strategies in game 2 (e.g., opponents avoid the agent in game 2), then the games are informationally
coupled. The ecosystem equilibrium must account for this cross-game information flow.

Population dynamics in the ecosystem

Let x(t) € A(Sk) be the population strategy distribution in game Gy, at time ¢. The ecosystem replicator
dynamics extend the single-game replicator (7.2) to the multi-game setting:



i‘k,s(t) = xk,s(t) [HS(X(t» - Hk(x(t))]

where II4(x) is the ecosystem fitness of strategy s in game k (accounting for cross-game interactions) and II;,
is the average ecosystem fitness in game k.

Theorem (Ecosystem ESS). A strategy profile o* is an ecosystem ESS if it is an ESS in every constituent
game and the cross-game interactions do not create profitable multi-game mutations. Formally: for all mutant
ecosystem strategies o’ # o*, there exists £ > 0 such that for all € < &:

M(c*, (1 —€)o* +e0’) > T(o, (1 —e)o* +e0’)

This is strictly stronger than game-by-game ESS because a mutant might be weak in each game individually
but strong in the ecosystem due to cross-game synergies.

The meta-game over games

Define the meta-game '™ as the game played by ecosystem architects (casino operators, platform
designers, regulators, training-site operators) who choose which games to offer:

Fmeta — (Nmeta’ (j’ Umeta)

where N™¢ is the set of architects, each choosing a game Gy € G to offer, and U]mCta is the architect’s payoff
(platform revenue, rake, subscription fees) given the equilibrium play in the offered games.

The meta-game equilibrium satisfies:

Gy € arg max Ure™(G,o*(G),G*;)

where 0*(G) is the agent-level equilibrium in game G. This is a layered mechanism (10.2) at the ecosystem
scale: the architects design the games, the agents play them, and the outcome is the fixed point of both levels.

Ecosystem stability and phase transitions

An ecosystem equilibrium can lose stability when parameters change. Define the ecosystem stability index
A as the largest eigenvalue of the Jacobian of the ecosystem dynamics at equilibrium. The ecosystem is stable
if A < 0, unstable if A > 0.

A phase transition occurs when a parameter change (e.g., the introduction of solvers, a regulatory change,
a new platform) pushes A through zero, destabilizing the existing equilibrium and driving the ecosystem to a
new one. The poker ecosystem has experienced several such phase transitions:

1. Pre-online era (pre-2003): Small, local ecosystems. Slow strategy evolution. Stable equilibrium
among live regulars.

2. Online boom (2003—-2011): Massive expansion of player pool, dramatic strategy evolution, new
games (SNGs, MTTs, HU hypers), training sites as a new game type.

3. Post-Black-Friday contraction (2011-2015): Regulatory shock, player pool shrinks, recreational
players exit, strategy arms race accelerates.

4. Solver era (2015—present): Solvers as a new “species” in the ecosystem, fundamentally changing the
population dynamics. Human strategies converge toward solver-optimal play; the gap between human
and solver narrows; training shifts from intuition to solver study.

Each transition is a change in A — the old equilibrium becomes unstable and the ecosystem transitions to
a new one. Understanding these dynamics is the ecosystem-level analogue of understanding equilibrium
selection in a single game.




Worked Example

The poker ecosystem as a strategic ecosystem

Games in the ecosystem:

Game Gy,

Players

Strategy space

Payoff

Hand game
Session game

Training game

Staking game
Platform game
Regulatory game

Social game

Two or more players at a
table

A player choosing which
hands/tables to play
Player vs. study material
(solvers, courses,
coaches)

Backer and player

Casino/site vs. players
Government

vs. platforms
Players in a community

Betting strategies
(Module 1-4)

Table selection, session
length, tilt management
Study allocation, method
selection

Contract terms (10.3)

Rake, game spread,
rewards (10.1, 10.2)
Legal framework,
licensing, taxation (10.5)
Reputation, information

Chip EV
Session profit

Skill improvement rate

Expected return on
staking deal

Platform revenue /
player value

Tax revenue / market
structure

Social capital, access to

sharing, norm
enforcement (5.3, 10.5)

games

Cross-game interactions:

Training — Hand: Better training produces better hand-game strategies; the gap between trained
and untrained players determines the hand-game’s exploitability landscape.

Platform — Session: Platform rules (rake, game spread) determine which session games are available
and profitable.

Staking — Session: Staking contracts affect risk tolerance and game selection (10.3: moral hazard in
session selection).

Social — Hand: Reputation at the table affects opponents’ strategies in the hand game.
Regulatory — Platform: Regulation constrains platform design (10.2: layered mechanisms).
Hand — Training: Hand-game results generate data that feeds back into training.

Ecosystem equilibrium analysis. At the current ecosystem equilibrium:

1.

Solver-trained players dominate the hand game at mid-to-high stakes. The population strategy in
the hand game is converging toward the solver equilibrium (Nash equilibrium of the zero-sum hand
game).

. Training sites and coaches compete for students. The training game’s equilibrium determines the

rate at which the player population improves, which in turn determines the hand game’s equilibrium
(as more players approach solver play, exploitability decreases and the game becomes tighter).
Staking operations provide bankroll to players whose skill exceeds their capital. The staking
game’s equilibrium determines which players can access which stakes, which determines the player-pool
composition at each stake level.

Platforms compete for players by adjusting rake, rewards, and game spread. The platform game’s
equilibrium determines which games exist and at what price (rake).

Regulators set the legal framework. The regulatory game’s equilibrium determines which platforms
operate, which affects everything downstream.

Ecosystem dynamics. The introduction of solvers (circa 2015) was a phase transition. Before solvers, the
training game equilibrium was “study through hand review and intuition.” After solvers, the training game
equilibrium shifted to “study through solver analysis.” This changed the population dynamics of the hand



game: the strategy distribution shifted toward GTO play, which reduced the profitability of exploitative play,
which reduced the edge of live-read specialists, which shifted the session game toward online play (where
solver study translates more directly), which shifted the platform game toward sites that accommodate
solver-trained players.

This cascade — a change in one game propagating through the ecosystem — is the defining feature of a
strategic ecosystem. It cannot be understood by analyzing any single game in isolation.

Poker Anchor
Concept mapping

Formal object Poker instantiation

Ecosystem & The poker world: all games, all players, all
institutions, all technologies

Constituent game Gy Hand game, session game, training game, staking
game, platform game, regulatory game

Ecosystem agent ¢ A poker professional, a recreational player, a backer,
a casino, a regulator, a coach

Ecosystem strategy o; How the agent plays across all games: hand strategy

+ table selection + study method + staking deals +
venue choice

Ecosystem payoff II; Total career value: winnings + staking returns +
coaching income + reputation capital

Ecosystem dynamics ¢ The co-evolution of strategies, games, institutions,
and technologies over time

Phase transition The online boom, Black Friday, the solver revolution

Ecosystem ESS A population state that resists invasion by any

multi-game mutant strategy

Concrete situation: the solver revolution as ecosystem dynamics

Before solvers, the poker ecosystem’s hand-game equilibrium was a mixed population: tight-aggressive regs,
loose-aggressive maniacs, nitty grinders, recreational calling stations. Each “species” had a niche. The
training game favored intuition and hand-reading. Coaching was a cottage industry.

Solvers changed the training game’s technology parameter. Players who adopted solver study improved
faster. The solver-trained population grew. As it grew, the hand-game equilibrium shifted: exploitative
strategies that worked against unbalanced opponents became less effective against solver-trained opponents.
Non-solver-trained players lost edge. Some exited; some adapted; some moved to live games where solver
training translates less directly.

Simultaneously, the training game’s equilibrium shifted: coaching operations that did not use solvers lost
students; solver-based training sites gained market share; the “study meta” converged on solver analysis as
the dominant approach. The staking game shifted: backers began requiring solver study as a condition of
staking deals (10.3: informativeness principle — solver study hours are informative about future performance).
The platform game shifted: sites that attracted solver-trained players saw tighter, lower-variance games and
lower rake tolerance.

This is a complete ecosystem phase transition: one technological change (solvers) propagated through every
game in the ecosystem, shifted every population distribution, and produced a new equilibrium qualitatively
different from the old one. The old equilibrium was not “wrong” — it was stable under the old conditions.
The new equilibrium is stable under the new conditions. Understanding this dynamics is the integration of



everything in the course: Nash equilibrium (Module 2), evolutionary dynamics (Module 7), mechanism design
(Module 6), institutional embedding (10.1), layered mechanisms (10.2), and collective choice (10.5).

What this understanding buys you

You are not playing a game. You are living in an ecosystem. Every decision you make — which
hand to play, which table to sit at, which game to study, which backer to partner with, which platform to use
— is a move in a multi-game ecosystem strategy. Optimizing any one of these in isolation is suboptimal if
the games interact (and they always do). The player who understands the ecosystem optimizes across all
games simultaneously: they study the format with the highest marginal return, play at the venue with the
best institutional terms, structure their staking deal to align incentives, and build a reputation that pays
dividends across multiple games.

Ecosystem awareness is the ultimate edge. At the hand-game level, edges between competent players
are small and shrinking (the solver revolution is compressing the strategy distribution). At the ecosystem
level, edges can be enormous: most players optimize the hand game and neglect the session game, the training
game, the staking game, and the institutional game. A player who is 95th percentile at the hand game and
50th percentile at ecosystem management will underperform a player who is 85th percentile at the hand
game and 95th percentile at ecosystem management. The ecosystem is where the real edge lives.

Phase transitions are opportunities. When the ecosystem transitions — a new regulation, a new
technology, a new platform — the old equilibrium dissolves and a new one forms. During the transition,
players who recognize the new equilibrium before others have an enormous edge: they adapt while others are
still playing the old game. The online boom rewarded early adopters of online play. The solver revolution
rewarded early adopters of solver study. The next phase transition will reward those who recognize it first.
This course gives you the conceptual toolkit to recognize it.

Cross-Links

e 1.1 Players, strategies, payoffs — the atomic components that ecosystem games are built from.

e 2.1 Nash equilibrium — the within-game equilibrium concept at each constituent game.

e 5.4 Folk theorem — the multiplicity of equilibria in repeated games, resolved by ecosystem selection.

e 6.1 Mechanism design — platforms and institutions as mechanisms within the ecosystem.

e 7.1-7.4 Evolutionary games — population dynamics over strategies within the ecosystem.

e 8.1-8.3 Network games — the network structure connecting games and agents in the ecosystem.

e 9.1-9.5 Learning — how agents adapt and learn across the ecosystem.

e 10.1-10.5 — all preceding Module 10 nodes: institutions, layers, contracts, commitment, collective
choice.

Structural Compression

Invariant: A strategic ecosystem is a collection of interacting games played by overlapping populations
of agents, where strategies in one game affect outcomes in others, the games themselves evolve in response
to the population dynamics, and the ecosystem equilibrium is a simultaneous fixed point of within-game
equilibrium, cross-game optimality, and institutional stability; no constituent game can be fully understood
in isolation from the ecosystem.

Mechanism: Agents choose ecosystem strategies spanning multiple constituent games; cross-game interactions
(shared resources, reputation, information) couple the equilibria of the constituent games; population dynamics
(replicator dynamics generalized to the multi-game setting) govern the evolution of strategy distributions;
ecosystem architects (platforms, regulators) design the games themselves, creating a meta-game whose
equilibrium determines which games exist; phase transitions occur when parameter changes destabilize the
current ecosystem equilibrium and drive the system to a qualitatively different one.



Cross-System Echo: Strategic ecosystems are the game-theoretic analogue of ecological systems in
biology — multiple interacting species (strategies) competing across multiple niches (games), with the niches
themselves shaped by the species’ behavior (niche construction), and phase transitions corresponding to mass
extinctions and adaptive radiations. They are also the analogue of economic general equilibrium —
multiple interacting markets (games) with shared resources (factors of production), where the equilibrium
is a simultaneous clearing of all markets. And they are the analogue of complex adaptive systems
in the Santa Fe tradition — populations of heterogeneous agents interacting across multiple levels, with
emergent macroscopic patterns arising from microscopic strategic interactions. The poker ecosystem is a
laboratory-scale instance of all three.

Exercises

1. Define a two-game ecosystem where agent ¢ plays both a Prisoner’s Dilemma and a coordination
game with the same opponent. Show that cooperation can be sustained in the Prisoner’s Dilemma
in the ecosystem equilibrium even though it cannot be sustained in isolation (without repetition), by
conditioning behavior in the coordination game on the opponent’s Prisoner’s Dilemma play.

2. A poker player allocates 40 hours per week between playing (hand game) and studying (training game).
Playing earns expected winrate w(hyp, s) where hy, is hours played and s is skill level. Studying increases
skill: s(t+ 1) = s(t) + g(hs) where hy = 40 — h;,. Derive the optimal allocation A as a function of
current skill and the marginal returns to playing vs. studying.

3. Two platforms compete for players by setting rake r1,72. Players choose which platform to play on
based on rake and player-pool quality. Show that the platform game has a Nash equilibrium in rake
and characterize it. Under what conditions does a new entrant platform destabilize the equilibrium?

4. Model the solver revolution as a population dynamics problem: let x(¢) be the fraction of solver-trained
players. Solver-trained players earn wg(z) = a — bx (edge decreases as more players adopt solvers) and
non-solver players earn 7wy (z) = ¢ — dx with a > ¢,b < d (solver players’ edge shrinks slower). Find
the evolutionary equilibrium x* and determine whether it involves full adoption, partial adoption, or
extinction of non-solver players.

5. Show that an ecosystem ESS can fail to be a Nash equilibrium of the constituent games taken individually.
Construct a two-game example where the ecosystem ESS prescribes a non-NE strategy in one of the
constituent games because the cross-game interaction makes the non-NE strategy ecosystem-optimal.

6. A poker community has three types of agents: recreational players (provide the money), regulars
(extract the money), and platforms (extract rake from both). Model this as a three-species ecosystem
and derive the conditions under which each species survives. What happens to the ecosystem when
recreational-player influx drops below a threshold?

7. Argue, structurally, why the claim “poker is getting tougher” is an ecosystem-level statement, not a
game-level statement. Identify which constituent games in the poker ecosystem have gotten harder,
which have gotten easier, and which have changed qualitatively rather than quantitatively. Explain
why ecosystem-level reasoning is necessary to evaluate the claim, and why game-level reasoning alone is
insufficient.

Game Theory - Module 10 — Strategic Systems Integration - Node 10.6
Concepts: nash-equilibrium, institutions, replicator-dynamics, complex-adaptive-systems, dynamical-systems
Prerequisites: 5.4, 7.1, 7.4, 10.1, 10.2, 10.3, 10.4, 10.5
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