Digital Finance

Learning Objectives: Understand electronic order types and routing mechanisms — Analyze order book dynamics and matching algorithms — Examine
price-time priority and market structure — Evaluate dark pools and alternative trading venues



Evolution of Trading Technology

Historical Progression: Technology Drivers:
® Open Outcry (pre-1990s): Physical trading floors ® Electronic communication networks (ECNs)
® Screen-Based (1990s): SETS, XETRA introduction ® FIX protocol standardization (1992)
® Direct Market Access (2000s): Broker bypass ® Co-location and proximity hosting
® Algorithmic Trading (2010s): Automated execution ® FPGA and custom hardware acceleration
® Low Latency (2020s): Microsecond competition ® (See full lecture for details)

Key Milestone: NASDAQ becomes fully electronic in 1994, NYSE follows with Hybrid Market in 2006

Historical context helps explain current Electronic Trading landscape.



Electronic Trading System Architecture

Core Components: Latency Benchmarks:
® Order Management System (OMS): Portfolio-level ® Order entry to exchange: 100-500 microseconds
order creation ® Matching engine processing: 10-50 microseconds

® Execution Management System (EMS): Routing .
and execution

® Smart Order Router (SOR): Venue selection logic

® Market Data Handler: Real-time price feeds

Market data dissemination: 50-200 microseconds
® Round-trip execution: 200-1000 microseconds

® (See full lecture for details)

® Risk Manager: Pre-trade compliance

Modern systems process millions of orders per second with 99.999% availability

This concept is fundamental to understanding Electronic Trading.
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Basic Order Types

Market Orders: Stop Orders:
® Execute immediately at best available price ® Become market/limit order when trigger hit
® Guarantee execution, not price ® Stop-loss: sell below current price
® Consume liquidity (aggressive) ® Stop-buy: buy above current price
® Pay taker fee (typically 0.003-0.005 ® Used for risk management and breakout strategies
[

See full lecture for details
( ) Execution Example:

Limit Orders: ® Stock trading at $100.00
® Execute only at specified price or better ® Limit buy at $99.50: waits for price drop
® Provide liquidity (passive) ® Stop-loss at $98.00: sells if price falls
® Receive maker rebate (0.001-0.002%) ® Market sell: executes immediately at best bid

® Risk: non-execution

This concept is fundamental to understanding Electronic Trading.



Advanced Order Types

Time-in-Force Instructions: Conditional Orders:
® GTC (Good Till Cancelled): Active until filled or ® Iceberg/Hidden: Display portion, hide balance
cancelled °

Pegged: Price tracks market (mid-point peg)

¢ DAY: Expires at market close ® Discretionary: Price improvement range
® 10C (Immediate or Cancel): Execute available, * All-or-None: Execute full size or nothing
cancel rest

i . . ) ® Minimum Quantity: Require minimum fill size
® FOK (Fill or Kill): Complete fill or cancel entire

order
® GTD (Good Till Date): Active until specified date

Iceberg orders typically display 10-20% of total size to minimize market impact

This concept is fundamental to understanding Electronic Trading.



Algorithmic Order Types

VWAP (Volume-Weighted Average Price):
® Target: match daily volume profile
® Slices order across trading day
® Benchmark: VWAP =

® Typical duration: full trading session
(See full lecture for details)

TWAP (Time-Weighted Average Price):
® Equal-sized slices over time
® |gnores volume patterns
® Simpler, more predictable

® Risk: adverse selection if volume spikes

This concept is fundamental to understanding Electronic Trading.

Implementation Shortfall:
® Minimize difference vs decision price
® Balances market impact and timing risk
® Aggressive when price favorable

® Passive when price adverse

Participation Rate (POV):
® Target: fixed % of market volume
® Typical range: 5-20% participation
® Adapts to volume fluctuations

® Risk: extended execution in low volume



Limit Order Book Depth
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Electronic Order Book Structure

Order Book Components:
® Bid Side: Buy orders ranked by price (descending)
® Ask Side: Sell orders ranked by price (ascending)
® Spread: Difference between best bid and ask
® Depth: Quantity at each price level
® Mid-Price: (Best Bid + Best Ask) / 2

Example Order Book:

Bids Asks
Size Price Price Size
500 99.98 100.02 300
800  99.97 100.03 600
1200 99.96 100.04 400

Spread = $0.04 (4 cents or 4 bps)

This concept is fundamental to understanding Electronic Trading.

Order Book Metrics:
® Quoted Spread: Ask - Bid
® Effective Spread: 2 x —Trade Price - Mid—

® Realized Spread: Effective spread minus adverse
selection

® Order Book Imbalance: (Bid Vol - Ask Vol) / Total

® Depth Imbalance: Predictive signal for price
movement

Liquidity Indicators:
® Volume at top 5 levels

® Average quoted spread (daily)

® Order arrival/cancellation rates



Key Takeaways

@ Understand electronic order types and routing mechanisms
@ Analyze order book dynamics and matching algorithms
© Examine price-time priority and market structure

@ Evaluate dark pools and alternative trading venues

Bottom Line: Electronic Trading is transforming how financial services operate and compete.

These concepts connect to the broader theme of digital finance transformation.



Electronic Trading in Visual Perspective

Technology view Application view Future view

Visual representations help reinforce key concepts of electronic trading.



Concrete Examples: Making It Real

Technical Examples Industry Leaders
® Example implementation in practice ® Company A: Implementation approach
® Measured outcomes and metrics ® Company B: Use case and results
® Industry benchmark comparison ® Company C: Lessons learned
Case Study Market Data
® Real-world deployment scenario ® Market size and growth rate
® Quantifiable results achieved ® Adoption trends by region

® Future projections

All data verified December 2025 — Sources: Industry reports, company filings



Q1. What is the primary purpose of electronic trading?
A) Increase efficiency  B) Reduce costs  C) Improve access D) All of the above
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Quiz Questions (1-5)
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Answer: D — All these factors contribute to the value proposition.
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Q6. How has electronic trading evolved over the past decade?
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Quiz Questions (6-10)

Q6. How has electronic trading evolved over the past decade?
A) Rapid growth  B) Steady expansion ~ C) Market consolidation D) All of the above
Answer: D — The evolution has involved multiple trends.

Q7. What metric best measures success in electronic trading?
A) User adoption  B) Revenue growth  C) Cost reduction D) All can be relevant
Answer: D — Success metrics depend on specific goals.

Q8. Which region leads in electronic trading adoption?
A) North America  B) Europe  C) Asia-Pacific D) Varies by segment
Answer: D — Leadership varies by specific market segment.

Q9. What is the future outlook for electronic trading?
A) Continued growth  B) More regulation  C) Increased competition D) All of the above
Answer: D — Multiple trends will shape the future.

Q10. What is a key takeaway about electronic trading?
A) Technology is transforming finance  B) Regulation is increasing  C) Adoption is accelerating
Answer: D — All these trends are interconnected.

D) All of the above



