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Learning Objectives

By the end of this lesson, you will be able to:

1 Explain the UTXO model and transaction structure

2 Describe Bitcoin block structure and mining process

3 Understand difficulty adjustment and reward schedule

4 Analyze the fee market and mempool dynamics

5 Explain chain selection rules (longest chain)

Building on cryptography fundamentals from L02.
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UTXO Model

Unspent Transaction Output

Transactions consume UTXOs and create new ones

Each UTXO can only be spent once

Balance = sum of all UTXOs you can unlock

TX1
(coinbase)

5 BTC

TX2
5 BTC3 BTC

2 BTC

TX3
3 BTC1.5 BTC

1.5 BTC

TX4
2 BTC

1.5 BTC
3 BTC

0.5 BTC

Unspent
(UTXO Set)

TX3: 1.5 BTC

TX4: 3 BTC

TX4: 0.5 BTC

UTXO Model: Transaction Outputs as Inputs

Each output can only be spent once. Total UTXO set = 5 BTC

Inputs (spent)
Outputs (created)

Unlike account balances, UTXOs are discrete units of value.
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Block Structure

BLOCK HEADER (80 bytes)

Version
4 bytes

Prev Block Hash
32 bytes

Merkle Root
32 bytes

Timestamp
4 bytes

Difficulty
4 bytes

Nonce
4 bytes

BLOCK BODY (variable)
Transactions

CoinbaseTx 1 Tx 2 Tx 3 Tx 4...

Bitcoin Block Structure

Average block: ~1-2 MB | ~2000-3000 transactions | Created every ~10 minutes

Header is 80 bytes; body contains 1000-3000 transactions.
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Transaction Anatomy

BITCOIN TRANSACTION
INPUTS

- Prev TX Hash- Output Index- ScriptSig- Sequence

OUTPUTS
- Value (satoshis)- ScriptPubKey- (locking script)

METADATA
Version | Input Count | Output Count | Locktime

From:
0.5 BTC
0.3 BTC

To:
0.7 BTC
0.09 BTC

(fee: 0.01)

Bitcoin Transaction Structure

Inputs unlock funds | Outputs create new UTXOs | Fee = Sum(inputs) - Sum(outputs)

Fee = sum of inputs - sum of outputs.
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Difficulty Adjustment
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Difficulty adjusts every 2016 blocks (~2 weeks)
Target: 10 minutes per block average

Bitcoin Difficulty Adjustment Over Time
Mining Difficulty

Adjusts every 2016 blocks to maintain 10-minute average.
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Mining Rewards
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Bitcoin Mining Rewards and Supply Schedule
Block Reward
Total Supply
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Halving every 210,000 blocks; 21M BTC maximum supply.
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Fee Market

Economy
(1-5 sat/vB)

Normal
(6-20 sat/vB)

Priority
(21-50 sat/vB)

High Priority
(51-100 sat/vB)

Urgent
(>100 sat/vB)
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6-24 hours1-6 hours
30-60 min

10-30 min

Next block
Fee = size (vB) x rate (sat/vB)
Typical tx: 200-250 vB

Bitcoin Fee Market: Speed vs Cost Trade-off
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Miners prioritize transactions by fee rate (sat/vB).
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Chain Selection

G B1 B2 B3 B4 B5 B6

B3a B4a

Main Chain (VALID) - 7 blocks

Orphaned Fork (INVALID) - 5 blocks

Fork point

Bitcoin Chain Selection: Longest Chain Wins

Nakamoto Consensus Rule:
Nodes follow the chain with most cumulative proof-of-work

(typically the longest chain)
Valid (main chain)
Orphaned (stale)
Genesis block

Nakamoto consensus: follow the chain with most proof-of-work.
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Key Takeaways

Remember These Points

1 UTXO model tracks individual outputs, not account balances

2 Blocks contain header (80 bytes) + transactions (variable)

3 Difficulty adjusts to maintain 10-minute blocks

4 Supply capped at 21M BTC via halving schedule

5 Longest chain (most work) wins in case of forks

Next Lesson: Consensus Mechanisms – PoW, PoS, and alternatives.
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