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This Talk:
(1) Money Creation in Modern Economy

(2) Cryptocurrency is Different

(3) Currency Issuance Language (CIL)

(4) Community Cryptocurrency

(5) Monetary Policy Language (MPL)

(6) Demurrage Implementation and Application
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Outline
1. Proof-of-Credit

US Dollar, Euro

2. Proof-of-Resource

Gold, Bitcoin

3. Proof-of-Personhood

Universal Base Income, Mutual Credit
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Money Creation in Modern Economy
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Assets: Liabilities:

10$ Deposit

BobBank A

Assets: Liabilities:

900K$ 
Deposit of 
Bob

Deposit

Loan

900K$ 
Loan
of Bob

100K$ Cash 100K$ Deposit 100K$ Cash 100K$ Deposit



The Debt-Based Economy

Money Creation Debt Creation

900K$ Deposit 900K$+ 

1. Majority of money is created by commercial banks. 
2. Money creation relies on lending and borrowing.
3. The amount of debt exceeds the total money supply.
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Central Bank
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Goal of Central Bank
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Goal of Central Bank
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Asset Price Inflation
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Goods & Services Assets



Asset Price Inflation
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Goods & Services Assets



Outline
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Proof-of-Resource
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Cryptocurrency

Cryptocurrency is debt-free money

Set/change the currency issuance mechanism

Challenges:

Optimal monetary policy for cryptocurrency.

Encourage real exchange and discourage speculation
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Currency Issuance Language
{

  "base": "block",

  "period": 1,

  "update": [

    {

      "formula": "50 / (2 ** (Height / 210000))",

      "target": "BlockMiner"

    }

  ]

}
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Currency Issuance Language
{

  "base": "year",

  "period": 1,

  "update": [

    {

      "formula": "50 * 52500 / (2 ** (Year / 4))",

      "target": "BitcoinSupply"

    }

  ]

}
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Currency Issuance Language
{
  "base": "block",
  "period": 1,
  "update": [
    {
      "formula": "BaseReward",
      "target": "BlockMiner"
    },
    {
      "times": "len(UncleBlocks)",
      "formula": "BaseReward*(9-UncleBlocks[i].k)/8",
      "target": "UncleBlocks[i].Miner"
    },
    {
      "condition": "len(UncleBlocks)>0",
      "formula": "len(UncleBlocks)*BaseReward/32",
      "target": "BlockMiner"
    }
  ]
}

Block Reward

Uncle Reward

Uncle Incl. Reward
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Currency Issuance Language
{
  "base": "year",
  "period": 1,
  "update": [
    {
      "formula": "BaseReward * DailyBlocks * 365",
      "target": "EtherSupply"
    },
    {
      "formula": "BaseReward * DailyUncles * (9 - UnclesK) / 8 * 365",
      "target": "EtherSupply"
    },
    {
      "formula": "BaseReward / 32 * DailyUncleBlocks * 365",
      "target": "EtherSupply"
    }
  ]
}
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Ether Supply
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Currency Issuance Language
Implementation:

Go Language, using Expr Library

Application:

(1) Plug into different platforms.
(2) Simulation (account level or macro level) 
(3) Focusing only on currency issuance.

Limitation:

(1) Not all can be modeled well in this framework
(2) Mechanics and assumptions of blockchains cannot be clearly separated 
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Universal Base Income
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1000$/Month 1000$/Month 1000$/Month 1000$/Month 1000$/Month



Mutual Credit
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0 0 0 0 0



Mutual Credit
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0 0 -100$ 100$ 0

100$



Community Currency
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Community Cryptocurrency
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Identity Control Blockchain

Preventing Sybil Attacks Transparent
Deterministic Monetary Policy
No Single Point of Failure
...



Monetary Policy Language
(1) Currency Issuance

Initial Distribution, Periodic Creation(block, month...)

(2) Transaction

Transaction Fee, Condition

(3) Demurrage

Negative Interest
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Demurrage
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Universal Base Income
{

  "base": "month",

  "period": 1,

  "update": [

    {

        "times": "len(Members)",

        "formula": "-balance(Members[i])*0.01+1000",

        "target": "Members[i]"

    }

  ]

}
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1000 coins per month
Funded by demurrage gradually

1% per month
Rich pay more



Mutual Credit
{

    "condition": "Value>0 && balance(Sender)-Value>=negative_limit(Sender) && 

balance(Receiver)+Value<=positive_limit(Receiver)",

    "update": [{

            "formula": "-Value",

            "target": "Sender"

        },

        {

            "formula": "Value",

            "target": "Receiver"

        }

    ]

}
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Prevent Spamming
"events": [{

    "base": "day",

    "period": 1,

    "update": [{

        "times": "len(Members)",

        "formula": "-balance(Members[i])+10",

        "target": "Members[i]"

    }]

}]
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10 coins per day

100% per day



Prevent Spamming
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"transfer": {

   "condition": "Value>=1 && balance(Sender)>=Value",

   "update": [{

   "formula": "-Value",

    "target": "Sender"

   }]

}



Demurrage in UTXO
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Transaction 1

100 Coins In Out

Transaction 2

In Out100 Coins 99 Coins

One Month Later

99 Coins

*Demurrage rate is 1% per month



Demurrage in Global Balance Model

38*Demurrage rate is 1% per month

Current Date Address Value in DB Timestamp in DB Real Balance

1 Jan 2020 1BvBMSEYst 100 1 Jan 2020 100 coins

One Month Later:

1 Feb 2020 1BvBMSEYst 100 1 Jan 2020 99 coins

Immediately Before Receiving or Spending Coins:

15 Feb 2020 1BvBMSEYst 99 15 Feb 2020 99 coins

Spending 10 coins:

15 Feb 2020 1BvBMSEYst 89 15 Feb 2020 89 coins



Demurrage in Bitcoin
(1) Encourage spending (disencourage hoarding)

(2) Replace zombie coins gradually

(3) Funding block rewards (e.g. 1% per year for block rewards)
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Conclusion & Future Work
Our current monetary system is not perfect.

Cryptocurrency could be an alternative solution.

Formally describing monetary policies is the first step.
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Conclusion & Future Work
More Community Cryptocurrency Applications

Extending the Monetary Policy Language

Implementing Community Cryptocurrency in Blockchain
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Further Reading

(1) Money creation in the modern economy

By Michael McLeay, Amar Radia and Ryland Thomas, 2014

(2) Can banks individually create money out of nothing? — The theories and the 
empirical evidence

By Richard A.Werner, 2014
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Banking System
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Central Bank Commercial Banks



100$ 100$

Money Supply:
Fractional-Reserve Banking
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90$ Cash

Bank Lending

90$ Cash

Goods

90$ Cash

*Assuming Reserve Ratio is 10%

Alice Bob
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Bank A Bank B

Deposit 90$Loan 90$



Balance Sheet of Bank A
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Assets: Liabilities:

100$ Cash 100$ Deposit

AliceBank A

Assets: Liabilities:

10$ Cash

100$ Deposit
Cash

Loan
90$ Loan
of Alice



Balance Sheet of Bank B
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Assets: Liabilities: Assets: Liabilities:

90$ Cash
90$ Deposit
of Bob

Bank BBob

Cash

Deposit



100$

*Assuming Reserve Ratio is 10%

90$

81$

100$

190$

271$

(Up to)1000$

Money Supply:
Money Multiplier
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100$

*Assuming Reserve Ratio is 10%

90$

81$

100$

190$

271$

(Up to)1000$

Money Supply:

100$ Cash

Central Bank

Role of Central Bank
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End of the Year

90$+Interest

Lend 90$

Alice
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100$

*Assuming Reserve Ratio is 10%

90$

81$

100$

190$

271$

(Up to)1000$

Money Supply:

100$+Interest

Central Bank

End of the Year
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The Debt-Based Economy

Money Supply: Debt:

1000$ (100$ Cash + 900$ Deposit) 1000$+

1. Majority of money is created by commercial banks. 
2. Money creation relies on lending and borrowing.
3. The amount of debt in the world exceeds the total money supply.
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Assumed that all money is used for GDP transactions:

MV = PQ

with constant or stable V

M is money supply. Its unit is dollar.
V is velocity of money. Its unit is per year.
Q is real GDP. Its unit is dollar/year
P is price level. PQ will be the nominal GDP.

Conventional Theory
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Money is used for all transactions:

MV = PQ

M is money supply. Its unit is dollar.
V is velocity of money. Its unit is per year.
QP is the values of all transactions.

M = Mr + Mf
Money used for GDP transactions, used for the ‘real economy’ (‘real circulation’) (Mr)
Money used for non-GDP transactions (‘financial circulation’) (Mf)

The Quantity Theory of Credit (Werner, 1992, 1997)
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Considering growth of money supply :

MrVr = PrQr

MfVf = PfQf

Assume Vr and Vf is constant or stable:

ΔMr -> Δnom. GDP (real economy)
ΔMf -> Δ(Pf+Qf) (asset market)

Banks’ decisions reshape the economic landscape

The Quantity Theory of Credit (Werner, 1992, 1997)
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The allocation of bank credit creation determines what will happen to the 
economy:

non-GDP credit 
Case 1: Financial credit (= credit for transactions that do not contribute to and are not part of GDP) => 
Result: Asset inflation, bubbles and banking crises
GDP credit
Case 2: Consumption credit => Result: Inflation without growth
Case 3: Investment credit (= credit for the creation of new goods and services or productivity gains that 
generate income) => Result: Growth without inflation, even at full employment

The Quantity Theory of Credit (Werner, 1992, 1997)
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