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PoW vs PoS

Proof of Work VS Proof of Stake

Mining capacity depends on

computational power
P P Validating capacity depends

on the stake in the network

Validators do not receive a
block reward, instead, they
collect transaction fees as

reward

Miners receive block rewards to
solve a cryptographic puzzle

Hacker would need to own
51% of all the cryptocurrency
on the network, which is
practically impossible and
therefore, making 51% attacks
impossible.

Hackers would need to have
a computer powerful than 51%
of the network to add a malicious

ﬁ block, leading to 51% attack

R
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PoW vs PoS -
Relative energy consumption per transaction
Scaled such that the height represents the relative consumption
A
Burj Khalifa
830m (1,135,000 Wh)
800m }
600m
. Leaning Tower of Pisa
Relative 57m (84,000 Wh) Screw
Energy pertx oo /é\ 0.025m (35 Wh)
¥l b5
i
Bitcoin  Eth PoW Eth PoS
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Bob’s Wallet UTXOs Alice’s Wallet UTXOs

#A 5BTC

Output A: 3.7 BTC
Output B: 0.1 BTC #B 1.75 BTC

0.1 BTC s the ‘ N
‘change’ generated 1 #C 3.7BTC

Total Balance: 10.45 BTC
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\—D Fred — Alice inputs
inputs <« N\ txn #445...
) #34 txn #aas8...
outputs
outputs Bob 5.0
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Account-based blockchain transaction

Alice’s balance Transaction Bob'’s balance
$10 From: Alice $3
84 To: Bob +84
Amount: $4
Signature: ﬁp\
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LEDGER PRIMITIVES
Quantity
Tick
Address
Data
DataHash
TxId
txld : Tx — TxId
Script
scriptAddr : Script — Address
dataHash : Data — DataHash
[-] : Script — Data x Data x Data — B

DEFINED TYPES

Output =

E-UTxO Jduo (SO Mg.’ =

an amount of currency

a tick

an “address” in the blockchain

a type of structured data

the hash of a value of type Data
the identifier of a transaction

a function computing the identifier of a transaction
the (opaque) type of scripts

the address of a script

the hash of a data value

applying a script to its arguments

(value : Quantity,
addr : Address,
dataHash : DataHash)

OutputRef = (id : Txld, index : N)

Input =

(outputRef : OutputRef,
validator : Script,

data : Data,

redeemer : Data)

Tx = (inputs : Set[Input],

outputs : List[Output],
validityInterval : Interval[Tick])

Ledger =List[Tx]
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Outputinfo = (wvalue : Quantity,
validatorHash : Address,
dataHash : DataHash)

Inputinfo = (outputRef : OutputRef,
validatorHash : Address,
dataVal : Data,
redeemer : Data,
value : Quantity)

TxInfo = (inputinfo : Set[Inputinfo],
outputInfo : List[Outputinfo],
validityInterval : Interval[Tick],
thisInput : N)

TxInfo ¢
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lookupTx : Ledger x Txld — Tx
lookupTx(l, id) = the unique transaction in ! whose id is id

unspentTxOutputs : Tx — Set[OutputRef]
unspentTxOutputs(t) = {(txld(t),1),..., (txld(id), |t.outputs|)}

unspentOutputs : Ledger — Set[OutputRef]
unspentOutputs([]) = {}
unspentOutputs(t :: [) = (unspentOutputs(l) \ t.inputs) U unspentTxOutputs(t)

getSpentOutput : Input x Ledger — Output
getSpentOutput(z,l) = lookupTx(l,.outputRef.id).outputs|i.outputRef .index]
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1. The current tick is within the validity interval
currentTick € t.validityInterval
2. All outputs have non-negative values
For all o € t.outputs, o.value > 0
3. All inputs refer to unspent outputs
{i.outputRef : i € t.inputs} C unspentOutputs(l).
4. Value is preserved

Unless [ is empty, Z getSpentOutput(i, [).value = Z o.value

1€t inputs oct.outputs

5. No output is double spent
If 41,12 € t.inputs and i1.outputRef = i2.outputRef then i1 = ia.
6. All inputs validate
For all 4 € t.inputs, [i.validator](i.data, i.redeemer, toData(toTxInfo(t,4,1))) = true.
7. Validator scripts match output addresses
For all i € t.inputs, scriptAddr(i.validator) = getSpentOutput(i,l).addr
8. Data values match output hashes

For all ¢ € t.inputs, dataHash(i.data) = getSpentOutput(i,l).dataHash
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