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Why Did We Automate Markets If Speed Creates Fragility?

The Efficiency Paradox
We built electronic markets to eliminate friction — slow phone
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calls, human error, geographic limits. And we succeeded. Today a
trade that once took minutes routes, matches, and settles in W
microseconds across dozens of venues simultaneously.
What electronic markets were built to do: Sex | MARKET TSE
® Remove human latency from price formation and order execution "

® Connect buyers and sellers across geography and time zones
® Reduce transaction costs through competition and automation
® Make price discovery continuous and transparent

What electronic markets now actually do:

® Transmit shocks globally in milliseconds, not hours

® Enable flash crashes that erase trillions before humans react You built a world with no friction
® Create algorithmic herding that amplifies volatility No friction means no brakes
® Produce systemic fragility where a single node failure cascades

Electronic markets achieved their efficiency goal — then discovered that efficiency and resilience are opposites. The faster a system, the faster it can fail.



Where Were You When $1 Trillion Vanished in 36 Minutes?

The Flash Crash — May 6, 2010, 2:32 PM Eastern

A mutual fund’s algorithm began selling 75,000 E-mini futures contracts targeting volume, not price. Within 36
minutes, the Dow Jones fell 1,000 points. Procter & Gamble traded at $0.01. Accenture fell from $40 to a penny. The
market recovered before most humans had processed what happened. $1 trillion in market value evaporated and
returned — in the time it takes to read this slide twice.

What made May 6 different from a normal market decline:

The trigger was not news — it was an algorithm misusing volume as a signal

The cascade was algorithmic: momentum algos joined the sell, market makers withdrew, spreads widened to absurdity

The prices were nonsensical: P&G at one penny is not a market — it is a machine with no human willing to intervene

The recovery was automatic: when prices crossed circuit breakers, stabilising algos re-entered; humans were still on the phone
The cause took five months to identify — a single algo none of the regulators was watching at 2:32 PM

©0C

000

Bring your reaction to class. If you had a stop-loss order that day, did it protect you — or sell your shares at a penny?

The 2010 Flash Crash was not a bug — it was a feature of hyper-connected markets behaving exactly as designed, just with no human able to intervene at

machine speed.



What Makes Modern Markets Tick — Order Books, Engines, and Data?

Component

What It Does

Why It Matters

Order Book

Matching Engine
Market Data Feed
Smart Order
Router

Circuit Breaker

TCA System

Collects all bids and asks
with price and quantity

Pairs buy and sell orders by
price-time priority
Broadcasts order book state
to participants

Evaluates venues and routes
orders optimally

Halts trading when price
moves exceed thresholds

Measures execution quality
vs benchmarks

Price discovery: the best
bid and ask form the market
price

Speed: a slow engine is ex-
ploited by faster competitors
Latency edge: co-located
servers receive data mi-
croseconds faster

Cost: best-price routing
saves basis points on large
orders

Stability: pauses allow hu-
mans to assess abnormal
conditions

Accountability: MiFID Il re-
quires reporting best execu-
tion

How a trade happens in 500 microseconds

@ You click “Buy 100 shares of NESN” in your app

@ Your broker's smart router evaluates SIX, BATS,
dark pools — in microseconds

© Your order reaches the matching engine and waits
in the order book at your limit price (or executes
immediately if you placed a market order)

@ A market maker algorithm — sitting in the same data
centre as the exchange — provides the other side

© Market data broadcasts your filled trade to the
world

@ Settlement happens in two days (T+2) — the only
part that still runs at human speed

The fragility point: Every layer optimises for speed.
Speed compresses the time available for error detection.
A flaw in any layer propagates in microseconds with no
human checkpoint.

Modern market microstructure is a stack of interlocking machines — each layer optimised for speed, each one a potential failure point invisible to the

participants above it.



What Happens When Retail Traders Meet Market Microstructure — GameStop 20217

1. Reddit /wsb Retail crowd coordinates;

L “Buy GME” short squeeze thesis spreads
retail inte

market
structure|

Robinhood routes to Citadel
Securities for PFOF execu-
Robinhood tion

Hedge funds (Melvin) scram-
ble to cover; losses exceed
$138

3. Short Squeeze
GME: $20 to $480

DTCC margin call: $3B de-
4. Robinhood halts | posit required; Robinhood
GME buys (Jan 28) | stops buys to reduce expo-
sure

5. Congress Who did Robinhood serve
hearings — retail users or its market-
PFOF under review | maker client?

Why GameStop revealed market microstructure

® Payment for order flow (PFOF): Robinhood sells
its retail orders to Citadel Securities, a market
maker. Retail gets “free” trading; Citadel gets first
look at the order flow. Conflict of interest
embedded in the plumbing.

® Clearing system constraints: The halt was not
manipulation — it was the DTCC demanding
collateral because Robinhood's net position required
a $3B deposit it did not have. The clearing
infrastructure, not a conspiracy, stopped the rally.

® The microstructure lesson: Retail traders thought
they were fighting hedge funds. They were actually
hitting the limits of clearing, margin, and order
routing infrastructure they did not know existed.

® The regulatory question: If the platform that
claims to “democratise” investing halts buying
during a rally, whose interests does it serve?

Retail discovered market microstructure the hard way:
the rules of the game are invisible until they stop you.

GameStop 2021 exposed the hidden plumbing of markets: clearing margins, payment for order flow, and the difference between placing an order and

having it executed.



How Did Electronic Trading Reshape Both Volume and Trade Size Simultaneously?

Electronic Trading Rise vs. Trade Size Fragmentation (2005-2025)
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Reading the two trends together

® The bars show electronic trading’s share of total US

equity volume. It rose from under 30% in 2005 to
over 70% by 2025 — a structural shift driven by
decimalization, Reg NMS, and the rise of
algorithmic execution

The line shows average trade size falling from $38K
to $4K — fragmentation as algorithms slice large
orders into thousands of small child orders to
minimise market impact

The inflection (2007-2009) is where both trends
crossed the threshold: electronic volume became
the majority and average trade size fell below the
threshold where human traders could profitably
process each order manually

Post-2015: Volume share plateaued but trade size
kept falling — the competition shifted from
capturing market share to executing ever-smaller
slices with greater precision

The implication: Today's market is a high-frequency
mosaic of millions of micro-orders. A “market” is no
longer a place — it is a distributed, algorithmic matching
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What Systemic Risks Does a Hyper-Connected Market Create That a Slow One Did Not?

Three failure modes unique to electronic markets

1. Flash crashes and feedback loops

Algorithms react to each other’s orders without human review. A selling algorithm
triggers momentum algos; market makers withdraw; spreads explode; prices become
nonsensical. The whole cycle completes before any human can intervene.

2. Market fragmentation and latency arbitrage

Equity trading now spans 60+ US venues. A stock can trade at different prices on
different venues for microseconds — long enough for co-located high-frequency traders to
exploit the gap. The retail investor always sees the lagged price.

3. Algorithmic herding and correlation spikes

When many funds use similar risk models (VaR, momentum factors), they sell the same
assets simultaneously under stress. Diversification collapses exactly when it is most
needed — at the moment of crisis.

The regulatory bind: Surveillance systems that monitor human traders cannot track
microsecond algorithms. Regulators receive trade reports minutes or hours after the

event. The system fails faster than it can be observed.

Systemic Contagion

The crash is overRegulator
before the regulator
opens the laptop.

Hyper-connected markets exhibit properties of complex systems: small perturbations cascade non-linearly, and the speed of failure exceeds the speed of

human response.



Where Are Financial Markets Heading — Al, DeFi, and the Race to T+07?

Three forces reshaping market structure

1. Al market making

Third-generation algorithms use reinforcement learning to adapt quoting strategies in
real time. Unlike rule-based market makers that withdraw under stress, Al market
makers can (in theory) be trained to maintain liquidity during volatility — or to exploit
it. The difference depends on the objective function.

2. Decentralised exchanges (DEX)

Automated market makers (AMMs) on Ethereum replace the order book with a liquidity
pool and a pricing formula (x - y = k). No matching engine, no clearing house, no
market maker firm — just a smart contract. Fragility shifts from execution to smart
contract bugs.

3. T+0 settlement

The US moved from T+3 to T+1 in 2024. T+0 (real-time) settlement using
blockchain or tokenised assets is next. Faster settlement reduces counterparty risk — but

also eliminates the two-day window used to manage failed trades and margin calls.

The efficiency—fragility frontier
Each innovation pushes markets further into territory
where efficiency gains come with new fragility modes:

® Al market making removes human judgment from
liquidity provision at the exact moment judgment is
most needed — during market stress

® DEX / AMMs eliminate intermediaries but replace
them with immutable code that cannot be halted
when something goes wrong (see: $600M Poly
Network hack, multiple DeFi exploits)

® T40 settlement reduces systemic risk from
unsettled positions but eliminates the safety buffer
that allowed trades to be cancelled before
counterparty failure propagated

® 24/7 crypto markets show what happens when
circuit breakers, market hours, and human
intervention are removed: volatility increases, and
there is no “closed” period for humans to regroup

Every structural improvement in market efficiency — faster settlement, Al liquidity, decentralised matching — simultaneously removes a human safety valve

that slowed failure propagation.



What Changes When Markets Never Close and Prices Never Rest?

crypto
24,2 3 AM crash
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The 24/7 market experiment is running now
Crypto markets never close. Traditional markets are experimenting
with extended hours. The consequences are visible in real time:

What changes operationally:

® Risk management never stops: A 3 AM price collapse in
Asian crypto markets moves ETH-denominated collateral in
DeFi protocols, triggering cascading liquidations before any
risk manager in New York wakes up

® Algorithmic oversight becomes mandatory: No human can
watch positions 24/7; all risk management must be
automated — meaning another algorithm decides when to
liquidate you

® Price discovery is fragmented: If a stock trades after hours
on low volume, the “price” is set by a handful of
participants. Pre-market moves routinely reverse at open

® |nstitutional settlement is still T4+1: Even if you can trade
24/7, settlement is a business-day process. Extended hours
create execution risk without settlement risk reduction

Crypto markets demonstrated what 24 /7 trading looks like in practice: faster volatility, algorithmic liquidation cascades, and risk events that occur during

human sleep cycles.



How Did Regulators Respond When Markets Moved Faster Than Their Rule Books?

When evaluating any market regulation — as a compliance officer, investor,
or policy analyst — ask these four questions:

1. Does it address the speed asymmetry?

MiFID Il requires best execution reporting and audit trails — but after the fact. Circuit
breakers halt trading — but for 15 minutes, not microseconds. Rules written for
human-speed markets struggle to govern microsecond ones.

2. Does it reduce or redistribute fragility?

Mandatory clearing (Dodd-Frank) moved counterparty risk to central counterparties
(CCPs). This reduces bilateral risk but concentrates systemic risk in a small number of
CCPs that are now “too critical to fail.”

3. Who bears the cost of compliance?

MiFID II's transaction reporting requirements cost large banks billions in system
upgrades. Smaller participants exit the market — reducing competition and potentially
worsening execution for retail.

4. Can the regulator observe what it is regulating?

The SEC can reconstruct a flash crash from trade data — months later. Real-time

algorithmic surveillance remains a frontier. ESMA’'s DORA regulation begins to address

operational resilience.

Regulation consistently lags market innovation by 5-10 years. The gap is not ignorance — it is the structural imposs

that do not yet exist.

The regulatory landscape

Circuit breakers: Halt individual stocks or the whole market
when prices move beyond thresholds. Introduced after the
1987 crash; expanded after 2010. Pause the machine; let
humans assess.

MiFID Il (EU, 2018): Requires best execution reporting,
pre- and post-trade transparency, and clock synchronisation
to microseconds for audit trails

Dodd-Frank / EMIR: Moved OTC derivatives to centralised
clearing to reduce counterparty risk. Created CCPs as
systemically critical nodes

Market abuse regulation: Spoofing, layering, and quote
stuffing criminalised — but detection requires reconstructing
microsecond order books from data

EU Al Act: First regulation addressing algorithmic
decision-making in financial markets; high-risk Al systems
require human oversight mechanisms

T+1 settlement (US 2024): Reduces exposure window;
moves toward reducing systemic settlement risk

ility of writing rules for technologies



Your Challenge: Design a Circuit Breaker for a Market That Never Closes?

Mini-Challenge (15 minutes)

A tokenised equity exchange plans to operate 24/7, including weekends. It will use algorithmic market makers and
automated collateral management. Traditional circuit breakers pause trading for 15 minutes — but the platform claims it
cannot halt: international users in different time zones rely on continuous access. Regulators require a stability
mechanism before granting a licence. Design one.

Apply the four evaluation questions:

@ Does it address speed asymmetry? At what price move threshold does your mechanism trigger? Milliseconds? Seconds? What evidence from flash
crashes tells you the right threshold for a 24 /7 tokenised market?

@ Does it reduce or redistribute fragility? If you cannot halt fully, what alternatives exist? Dynamic spread widening? Velocity limits on order submission?
Liquidity pool buffers? Who bears the cost of each?

© Who bears compliance costs? If your mechanism requires real-time surveillance, who builds and pays for the infrastructure? Market maker, exchange, or
regulator?

@ Can it be observed at operating speed? Can a regulator audit your mechanism in real time — or only reconstruct events after a crash? What data must
the exchange publish, and at what latency?

Discuss: What would you recommend? Full halt, velocity limits, or dynamic spreads — and why?

The four-question framework works for any market structure reform. A 24/7 tokenised market is not a thought experiment — it is live in crypto. Study

what happened there first.



