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Yield Farming tieaan1sadkanauinuiiinguainnisasulunsdiing q snuinuluaniuniseias

From 2020 to 2022, cryptocurrency received significant attention. Investments in
cryptocurrencies gained value, particularly decentralized finance (DeFi) in yield farming, the
most common investment. However, the value of cryptocurrencies has dramatically reduced
during 2022. Several cryptocurrencies have suffered a drop in value, while certain currencies
lost most of their value. As a result, some investors in cryptocurrency took a loss of their
money.

In this independent study, we consider the mathematical principle of decentralized
finance for investment in yield farming via mathematical modeling. Moreover, we derive the
algorithm for the simulation of the investment in order to predict the value of return depend

on the real situation.
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Decentralized Finance (DeFi) Stack: Product & Application View
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AMM Example
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v a @ = o o v a ¢ o
3aﬂa$ﬂqitﬂaﬂuuﬂaﬂaﬂiqLLaﬂL‘UaEJUL‘WiEJQJU A wasLnIggy B ﬂ')ﬁlL\?Uﬂaaaqiﬁﬂiﬂ

igladeyananunain 4.2 udzindeya ANEI NTIATIZVIMENTIRNENYAN LANaGIL

SUMMARY OUTPUT

Regression Statistics

[

Multiple R 0.997184719
R Sguare 0.994377364
Adjusted R Sgu:  0.993866215
Standard Error 0.79327717
Observations 25
ANOVA

df 55 MS F Significance F
Regression 2 2448.408335 1224.204167 1945.377737 1.77558E-25
Residual 22 13.84435072 0.629288609
Total 24 2462.252686

Coefficients  Standard Error t Stat P-value Lower 95% Upper 95% Lower 35.0%  Upper 95.0%
Intercept -1.431332 0.158655434 -9.021638674 7.59214E-09  -1.760363232 -1.102300768 -1.760363232 -1.102300768
a 0.5050548 0.011218633 A45.01928043 3.70039E-23 0.481788778 0.528320822 0.481788778 0.528320822
b 0.4843566 0.011218633 43.17429634 9.19963E-23 0.461090578 0.507622622 0.461090578 0.507622622
Vo1

agulain

P =-1.4313 + 0.50504 + 0.4843B
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1. Tsunsu Python dmsudaean1svinauvedgsian sRuLUUNSEANEAUdMeNTasuLuudan

P5UT

import numpy as np

import matplotlib.pyplot as plt
import pandas as pd

import statistics as stat

from numpy import random

from tabulate import tabulate

fiat = int(input ('Enter the amount of money you need to create a farm

) "))
trans = 365*24

gasF = 0.32 #USD (Gas fee)

processF = 0.01671 #% (Processing fee)

swapF = 0.0025 #% (Swap fee)

FeeShare = 0.0017 #% (Fee Share)

Xa = 10 #USD (worth of currency A in pool)
Xb = 2 #USD (worth of currency B in pool)
LP = 10000000 #USD (Liquidity pool)

reward = 10 #B (Reward token per pool)

XP = Xb/Xa #Exchange rate from B to A in this pool
La = LP/(2*Xa)

Lb = La/XP

Pool = [['Volume of currency A in pool',round(La,4)],

['Volume of currency B in pool',round(Lb,4)]]
print (tabulate (Pool))

A = np.ones(ntl)

A[0] = Xa
for j in range(n) :
A[J+1] = A[J]-pd*A[0]/(24*%365)+np.random.normal (0,1/(24*365))

B = np.ones (n+l)
B[0] = Xb
for j in range(n):
B[j+1] = B[J]-pd*B[0]/(24*365)+np.random.normal (0,1/(24*365))

(USD



X = np.ones(n+l)
for j in range(n+l):
X[3] = B[j1/A[]]

plt.plot (A, 'r")

plt.xlabel ("Number of Transactions")

plt.ylabel ("Exchange Rate")

plt.title ("Exchange Rate of Currency A by USD")

plt.plot (B, 'b")

plt.xlabel ("Number of Transactions")

plt.ylabel ("Exchange Rate")

plt.title ("Exchange Rate of Currency B by USD")

plt.plot (X, 'g")

plt.xlabel ("Number of Transactions")

plt.ylabel ("Exchange Rate")

plt.title ("Exchange Rate of Currency B from currency A")

XPool = np.ones (n+l)
DA = np.ones(n)

DB = np.ones(n)

LA = np.ones(n+l)

LB = np.ones(n+l)
XPool[0] = XP

LA[O] = La

LB[0] = Lb

SumTrans = 0

for i in range(n):
PerDA = np.random.uniform(0,0.002) #different rate is 0.01 per hour

DA[i] = PerDA*LA[i]
DB[i] = DA[i]/XPool[1i]
if XPool[i]>X[i]:
LA[i+1] = LA[i]-DA[i]
LB[i+1] = LB[i]+DB[1i]
else:
LA[i+1] = LA[i]+DA[1i]
LB[i+1] = LB[i]-DB[1i]
XPool[i+1] = LA[i+1]/LB[i+1]

SumTrans = SumTrans+DA[i]



Cr = (fiat* (l-processF)-gasF)/A[0]
f= Cr*swapF+gasF

a = (Cr-f)/2
b = a/XPool[0]
vol = [['','Wallet'],

['"Volume of currency A',round(a,4)],
['"Volume of currency B',round(b,4)]]
print (tabulate (vol))

v = (a+b*XPool[0])*A[0]
val = [['Value of portfolio (USD)',round(v,4)]]
print (tabulate (val))

stak = [['','"Wallet','LP (Invest)',6'LP (Collect) '],
['Volume of currency A',round(a,4),round(LPa,4),round(fee,4)],
['Volume of currency B',round(b,4),round(LPb,4),round(rt,4)]1]
print (tabulate (stak))

InV = (a+b*XPool[0]+LPa+LPb*XPool[0])*A[0]
valS = [['Initial value of portfolio at time t=0',round(InV,4)]]
print (tabulate (valSs))

A LP = np.ones(nttrans+1)
for 1 in range(n+1l):
A LP[i] = A[i]

for i in range(trans):
A LP[n+1+i] = A LP[n+i]-pd*A[0]/(24*365)+np.random.normal (0,1/(24*%365))

B LP = np.ones (nt+trans+l)
for 1 in range(n+1):
B LP[i] = BI[i]



for 1 in range (trans) :
B LP[n+l1+i] = B LP[n+i]-pd*B[0]/(24*365) +np.random.normal (0,1/(24*365))

X LP = np.ones (nt+trans+l)
for 1 in range (n+trans+1) :
X LP[i] = B LP[i]/A LP[i]

plt.plot (A LP,'r")

plt.xlabel ("Number of Transactions")

plt.ylabel ("Exchange Rate")

plt.title ("Exchange Rate of Currency A by USD")

plt.plot (B _LP,'b")

plt.xlabel ("Number of Transactions")

plt.ylabel ("Exchange Rate")

plt.title ("Exchange Rate of Currency B by USD")

plt.plot (X LP,'g")

plt.xlabel ("Number of Transactions")

plt.ylabel ("Exchange Rate")

plt.title ("Exchange Rate of Currency B from Currency A")

m = 10000
FV_Port = np.ones((m,trans))
Final Value = np.ones (m)
FeeAll = np.ones(m)
RewardAll = np.ones (m)
LPaM = np.ones (m)
LPbM = np.ones (m)
XP = np.ones (m)
XPO = np.ones (m)
for j in range (m) :
XPool LP = np.ones(trans+l)
DA LP = np.ones (nt+trans)
DB LP = np.ones (nt+trans)
LA LP = np.ones (trans+l)
LB LP )
LPaT = np.ones(trans+1l)

np.ones (trans+1

LPbT = np.ones (trans+l)

ValuePool = np.ones (trans)
RewardYear = np.ones(trans)
Reward = np.ones (trans)

ValuePort = np.ones (trans)

SumTrans LP = np.ones (trans+1)



FeeDay = np.ones (trans)

FeeYear = np.ones(trans)

FeeShare = np
Fee = np.ones
XpPool LP[O0] =
LA LP[0] = LA
LB LP[0] = LB
LPaT[0] = LPa
LPbT[0] = LPb

SumTrans_ LP [0
SReward = 0
SumFee = 0
for i in rang
DA LP[i] =
DB LP[i] =
for i in rang
PerDA LP =
DA LP[n+i]
DB _LP[n+i]
if XPool LP
LA LP[i+1
LB LP[i+1
else:
LA LP[i+1
LB LP[i+1
XPool LP[i+
LPaT[i+1]
LPbT[i+1]
ValuePool [1
ValuePort[1i

#calculate

pr = ValueP
urrency to the

RewardYear|

every transacti

.ones (trans)
(trans)
XPool [n]
(n]

(n]

1 = SumTrans

e(n):

DA[1]

DB[1]

e(trans):
np.random.uniform(0,0.002)
= PerDA LP*LA LP[i]

DA LP[n+i]/XPool LP[i]
[1]>X LP[i]:

1

1

= LA LP[i]-DA LP[n+i]
LB LP[1i]+DB_LP[n+i]

] = LA LP[i]+DA LP[n+i]
] = LB _LP[i]-DB_LP[n+i]
1] = LA LP[i+1]/LB LP[i+1]

(LPaT [1]+LPbT [i] *XPool LP[i])/2

LPaT[i+1]/XPool LP[i]

] = LA LP[i+1]+LB LP[i+1]*XPool LP[i+1]
] = LPaT[i+1]+LPbT[i+1]*XPool LP[i+1]

reward token

ort[i]/ValuePool[i] #the proportion of the value of LPs's c

value of LP

i] = reward*365*pr/ValuePool[i] #reward token gived to LPs

ons

Reward[i] = ValuePort[i]*RewardYear[i]/ (365*24)
SReward = SReward+Reward[i]

#calculate fee share

SumTrans_LP[i+1] = SumTrans LP[i]-DA LP[i]+DA LP[n+i]
FeeDay[i] = SumTrans LP[1]*0.0017 #daily fee

FeeYear[i]
FeeShare[1i]

= FeeDay[1]*365
= FeeYear[i]/ValuePool[1i]

#Yearly fee
#rate fee share

Fee[i] = FeeShare[i]*ValuePort[i]/ (24*365)
SumFee = SumFee+Fee[i]
i] = (LPaT[i]+LPbT[i]*XPOOl_LP[i])*A_LP[n+l+i]

FV_Port[j]I



FeeAll[]j] = SumFee
RewardAll[]j] = SReward

LPaM[]j] = LPaT[trans]

LPbM[]j] = LPbT[trans]

XP[Jj] = XPool LP[trans]

Final Value[j] = (LPaT[trans]+SumFee+ (LPbT[trans]+SReward)*XPool LP[tran

s])*A LP[trans+n]

for i in range (m) :
plt.plot(list(range(l,trans+1l)),FV Port[i][:trans])
plt.xlabel ("Transaction (Hour)")
plt.ylabel ("Value of portfolio (USD)")

plt.title('Iteration')

plt.x1lim (0, trans)

plt.ylim(750,1250)

plt.show ()

gf = 2*gasF
MeanFinalV = stat.mean (Final Value)
plt.hist (Final Value,bins=50)
plt.xlabel ("Final value of LPs's portfolio")
plt.ylabel ("Frequency")
plt.show ()
Summary = [['','Simulation'],
['"Initail value of portfolio including top up gas fee (USD)',ro
und (fiat+gf,4)1],
['"Final value of portfolio (USD)',round(MeanFinalV,4)]]
print (tabulate (Summary))

RewardMean = stat.mean (RewardAll)
FeeMean = stat.mean (FeeAll)
LPaMean = stat.mean (LPaM)

LPbMean = stat.mean (LPbM)

XPM = stat.mean (XP)
InitialPort = [['','Wallet','LP (Invest)','LP (Collect)'],
['"Volume of currency A',round(a,4),round(LPa,4),round(fee, 4
)1,
['"Volume of currency B',round(b,4),round(LPb,4),round(rt,4)
11
FinalPort = [['', '"Wallet','LP (Invest)','LP (Collect)'],
['"Volume of currency A',round(a,4),round(LPaMean,4),round (Fee
Mean, 4) ],
['Volume of currency B',round(b,4),round(LPbMean,4), round (Rew
ardMean, 8) 1]
print (tabulate(InitialPort),tabulate(FinalPort))



per = abs (MeanFinalV-fiat)*100/fiat
if MeanFinalV-fiat>=0:
Sum = [['Initial value of portfolio',round(fiat,4)],
['"Final value of portfolio', round(MeanFinalVv,4)],
['Percentage of change of the value of portfolio', round(per,4)],
['Direction of change of the value of portfolio', 'Increase']]
else:
Sum = [['Initial value of portfolio',round(fiat,4)],
['"Final value of portfolio', round(MeanFinalV,4)],
['Percentage of change of the value of portfolio', round(per,4)],
['Direction of change of the value of portfolio', 'Decrease’']]
print (tabulate (Sum))



