YN EIRIFENT 7 2022 Lecture 2
R DN STHEAE (2): MERD ML + Y T )V BIk

ABFT R CREUEER A E IR

2022 4£ 10 H 11 H

Contents

1 ERDPH 1
1.1 RIZBUDMERSMIZEEUZEKED . . 1

2 2IBHH 2
2.1 MERSA (HERBAE) & BRMERSGEBOTZ 746 . .. ... 2
2.2 2SS BIRE : IHFLIEHOMEDMREESE) . . . . ... 3
2.3 HW1 FEHOBWETURDOEXRDRA Y MIODWTHIUEIW . ... 6

3 R7Y U9 6
3.1 HERSA (MERBIE) & BREMELRSGEBO TS 746 . .. 6
3.2 HW2 WHEMABEIREDFEIR . . . . . . 7
3.3 HW3 MHEREEIREDIERE . . . . . 7

4 —¥DH 9
41 —FRELBEHWAZT Y T ANVIIRICEBZHBROEE . 9
42 HWABDBEULUEZ 105 FZTETDEEDTULOMN? .. 12

5 BERBEBEETIV (BEFEXTIS, FLESERVET) 13
5.1 Pella-Tomlinson REVEEE TV FELREFHRL) ... .. ..o 13
5.2 Pella-Tomlinson REAEFEET I HELRLEHHY) . ... ... o 15
Attention:

o« REIZBALTONLBVI ERHNIE, FEHDDVIIRERIEERHEM LTS EZIW

Point:

o Lecture 2 CIHERNAB LCEY T HNOEIZODWTHETET

1 XS
1.1 RICHITHEERLMICEEL R

RIS E TV VTR 24 ORERD A IIIG L ZBEBAHBEINTVS. Zhbid, &
FEDOMER DAL D ELEDOFEDM, R (MERFEEEL), RMMERLSME, TLTA—k Y MDD
FAMIZ I NG, HIRIE, 2D Bin(N,p) 2B 2 L FOMEY. ZhEFEKIZLT, BEXFE
r,d, p, 292 TCHOMRSMHIZBLHEHTES.

rbinom (n=ELE D, size=N, prob=p) #IRILAELE D 4K
dbinom(x=3RIR{EDIE, size, prob, log = FALSE) #FEXEFHDE
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pbinom(q, size, prob) #RIEERDIE
gbinom(p, size, prob) #/X\—t > N D{E

Table 1: TN ENOMERSE TG L 2B

HIERRCRIE S 0 Al
_binom( , N, p) 2 /AR Bin(N,p)
_pois( , lambda) IRT Y V534G Pois(\)
_nbinom( , N, p) HD 234 NB(N,p)
_geon( , p) BT Geom(p)
_hyper( , m=M, n=N-M, k=n) T34 HG(N, M, n)
_multinom( , N, p) % I/ Multinom(N,p)
e B R 0 A1
_unif( , min=a, max=b) — kR340 Ula,b)
_norm( , mu, sigma) EBDH N(p,0?)
_lnorm( , mu, sigma) XNEBAER 246 LN (p, 0%)
_gamma( , shape=a, scale=b) AV <04 Gala,b) with E[Y] = ab
_exp( , scale=sigma) NV <534 Exp(o) with E[Y] =0
_chisq( , df=n) AA 2T 3 (n)
_beta( , shapel=a, shape2=b) N—& 53740 B(ng,ny)
_t(, df=n) t 734 t(n)
_f( , dfl=n1, df2=n2) t 4346 F(ny,ny)
2 289

2.1 WELSM (EEER) RBRESWMERD T 71
e Y ~ Bin(10,0.2) {2 LT Pr(Y =y) BL U P(Y <=y)(y =0,1,...,10) DFHA
N <- 10
p <- 0.2
Yrange <- 0:10
Prob <- dbinom(Yrange, N, p)
Cum <- pbinom(Yrange, N, p)
par( c(2,1))
plot(Yrange, Prob, "h", 5 "y,
"Prob function for Bin(10,0.2)")
plot(Yrange, Cum, ", 2, "y,
"Cumulative prob function for Bin(10,0.2)", c(0,1))
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Prob function for Bin(10,0.2)

Lo

N

-§o

D_O
2 "T'T'T
o 2 4 6 8 10

Cumulative prob function for Bin(10,0.2)

Cum
00 06
[ 11111

e Y ~ Bin(20,0.1) IZH LT Pr(Y =y) 8LV P(Y <=y)(y=0,1,...,20) DI
Do by yourself!

plot (Yrange, Prob, "h', By "y',
paste("2IH%# Bin(",N,",",p,") DEZRFEE"))

2.2 2IEDMICH D PIRE : HELIE O DEFRHRES
Notation

o N t FIZHIDDHEDE

o S tIEIIBITBEIERY MO

o Pt EOEIHRIMOS S, MHRIEOR (= HER)

o By HER P, HD S B DR

o 1DV DILE A (=0.2)

o« LBV DIEIRE b (=0.4) M 1 EHD S 1 EALE

Stochastic nature
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St|Nt ~ Bm(Nt,l—d)
P,|S, ~ Bin(S,,b)
Bt|Pt ~ Bm(Pt7O.5)
A@+1::St+“Bt

o 14HOMEEARE Nf (=5)
o 20 T (TT=10)

o VIl —Y3a Vi iRUE Nsim (=100)
#INT A —HEDERTE
d <- 0.2
b <- 0.4
TT <- 10
TT1 <- TT-1
Nsim <- 100
Nf <- array(0, c(Nsim, TT))
Nf[,1] <- 5

#1 O DETE

for(t in 1:TT1) {
Surv <- rbinom(1, Nf[1, t], 1-d)
Preg <- rbinom(1, Surv, b)
Birthf <- rbinom(l, Preg, 0.5)
Nf[1, t+1] <- Surv + Birthf

+

Nf[1,]

[11 5444567765
plot (Nf[1,], D@ "red", "Year", "#Female animals", c(0,15))

15

10

0
I

#Female animals
5
|
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#ETEDRYIRL

for(i in 1:Nsim){

for(t in 1:TT1){
Surv <- rbinom(1, Nf[i, t], 1-d)
Preg <- rbinom(1l, Surv, b)
Birthf <- rbinom(l, Preg, 0.5)
Nf[i, t+1] <- Surv + Birthf

3 1
9 3
2 4

}
}
plot (Nf[1,], DIL@ "skyblue", c(0,max(Nf)),
"Year", "#Female animals", paste("TT=",TT))
for(i in 1:Nsim){
points (Nf[i,], "y, "skyblue")
}
TT=10

%)

©
= -

c

© o _|
2 b

©

£ o —

o
L
E=S o -

[ [ [ [ [
2 4 6 8 10
Year
Nf[,TT]

[11 0 2 8 0 2 5 4 4 3 410 1 0 8 8 0 3 3
[26] 1 3 0 0 8 3 0 2 4 0 1 3 7 3 1 913 2
[5G 0 3 2 5 2 5 1 3 3 5 01 0 4 2 415
[r6] 1 5 7 0 013 8 1 4 3 2 7 0 5 5

[ reached getOption("max.print") -- omitted 10 entries ]

mean(Nf [, TT])

[1] 3.54
Nf[,TT]==0

[1] TRUE FALSE FALSE TRUE FALSE FALSE FALSE FALSE FALSE FALSE
[13] TRUE FALSE FALSE TRUE FALSE FALSE FALSE FALSE TRUE FALSE
[25] FALSE FALSE FALSE TRUE TRUE FALSE FALSE TRUE FALSE FALSE
[37] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE

0 0 O
o O W
= D O
~N N O

FALSE FALSE
TRUE FALSE
TRUE FALSE
TRUE FALSE

g w »
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[49] FALSE FALSE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
[61] FALSE TRUE FALSE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE TRUE
[73] FALSE FALSE FALSE FALSE FALSE FALSE TRUE TRUE FALSE FALSE FALSE FALSE
[85] FALSE FALSE FALSE TRUE FALSE FALSE

[ reached getOption("max.print") -- omitted 10 entries ]

mean (Nf [, TT]==0)

[1] 0.2
10 FERRIZHIR I D HERIL 7
paste("Extinction prob = ", mean(Nf[,TT] == 0))

[1] "Extinction prob = 0.2"

2.3 HWI1 LEDHRETCUTDOERDRA V MIDODWTHRETLATW
o EFFTERNED S LHBEHREZ(TITLED. ZOEBREY S 7 TERLTATL I

o FMIEIRENED D LHRHELREZTEITL LS. TORKE T I T TRELTATLSEZIW

o MR, WTNITHIHT D TU & 52 261 2 1E TT=20,50,100,1000 &2 £ L &L, ELLUTATL
2T

3 R7YUDH

rpois(n=ELEX D, lambda) #IRIT 7 FLELD &K

dpois (x=RIREDE, lambda, log = FALSE) #MEREHDE
ppois(q, lambda=lambda) #RIEHEERDE

qpois(p, lambda=lambda) #/N—t >~ b RDE

3.1 HXRDH (EREH) & REERIMBEHRDIT S 71k

Y ~ Po(2.5) IZRUT Pr(Y =y) B&EUPY <=y)(y=0,1,...,10) DFH
lambda <- 2.5

Yrange <- 0:10

Prob <- dpois(Yrange, lambda)

Cum <- ppois(Yrange, lambda)

par( c(2,1))
plot(Yrange, Prob, D 5, "y,
"Prob func for Po(2.5)")
plot(Yrange, Cum, ", 2, "y,
"Cumulative prob func for Po(2.5)", c(0,1))
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Prob func for Po(2.5)
Q
-§ o
Y og ' I .
S ! —
0 2 4 6 8 10
Yy

Cumulative prob func for Po(2.5)

Cum
00 06
[ 11111

Y ~ Po(5) 2R UT Pr(Y =y) BLU P(Y <=y)(y=0,1,...,20) Dt

Do by yourself!

3.2 HW2 EFKERDOERE
Y ~ Po(2.5) & Y ~ Bin(50,0.05) O LL#g

Do by yourself!

3.3 HW3 HEAXRBESEDORE
O MEHEARE O BIBETILME 1 A S 1 ERHE L KE L 7~

VAT 1 (B D R A £ 1B FTRENE & 28 L 21
o HUEBOS 14P0(0.2) 1TAES & ¥ 12, BEEAEBOFIEED &> 127 2 IE &0

o EZDHE, HMIRHERIZZILD D ? (T=20, 50 < 5WTHHE)
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d <- 0.2
b <- 0.4
lambda <- 0.2
TT <- 10; TT1<-TT-1
Nsim <- 100
Nf <- array(0, c(Nsim, TT))
Nf[,1] <- 5
for(i in 1:Nsim){

for(t in 1:TT1){

Surv <- rbinom(1, Nf[i, t], 1-d)

Preg <- rbinom(1l, Surv, b)

if (Preg==0){Birthf <- 0} else {Birthf <- Preg + sum(rpois(Preg, lambda))}

Nf[i, t+1] <- Surv + Birthf

}
}
plot (Nf[1,], "y, "skyblue", "Year", "#Female animals",
c(0,max(Nf)), paste("TT=",TT))
for(i in 1:Nsim){
points (Nf[i,], e, "skyblue")
+
TT=10

%) o _|

© ©

£ —

[« o _]

© <

o |

© o _|

£ N

o —

L

E=S o -

[ [ [ [ [
2 4 6 8 10
Year

paste("Extinction prob = ", mean(Nf[,TT] == 0))

[1] "Extinction prob = 0.02"

TT <- 20; TT1<-TT-1
Nf <- array(0, c(Nsim, TT))
Nf[,1] <- 5
for(i in 1:Nsim){
for(t in 1:TT1){
Surv <- rbinom(1, Nf[i, t], 1-4)
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Preg <- rbinom(1, Surv, b)

if (Preg==0){Birthf <- 0} else {
Birth <- Preg + sum(rpois(Preg, lambda))
Birthf <- rbinom(1,Birth,0.5)

}

Nf[i, t+1] <- Surv + Birthf

}
}
plot (Nf[1,], D@ "skyblue", "Year!, "#Female animals",

c(0,max(Nf)), paste("TT=",TT))

for(i in 1:Nsim){

points(Nf[i,], e, "skyblue")
}

TT=20

%]

(U —

£

c o _|

m ™

Q2 |

£

15 o

L

E=S o —

[ [ [ [
5 10 15 20
Year

paste("Extinction prob = ", mean(Nf[,TT] == 0))

[1] "Extinction prob = 0.43"

4 —k2H

1
f(y)zia fora<y<b

4.1 —HKEAHEAWAEAEYTHANLOFRICLZ2HABERDEHE
X ~U(0,1)
Y ~U(0,1)
Pr(X?2+Y?<1)=7/4
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Nit <- 1000

x <- runif (Nit, 0, 1)

y <- runif(Nit, 0, 1)

plot(x, y)

curve( sqrt(1-x72), c(0,1), T)

038
l
S0

0.4
I

0.0 0.2 0.4 0.6 0.8 1.0

X

4xmean(x~2+y”2 <= 1)

[1] 3.208

Rt 5 &

Calc_pi <- function(Nit, F)

{

x <- runif(Nit, 0, 1)

y <- runif (Nit, 0, 1)

if (Fig==T){

plot(x, vy, paste("#interations = ", Nit), 19, 0.3,

curve( sqrt(1-x72), c(0,1), T, "red")
}

4xmean(x~2+y~2 <= 1)

+
par( c(2,2))
Calc_pi(100, T)

[1] 2.96
Calc_pi(500, T)

[1] 3.2

10

Ilgrayll)
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Calc_pi(1000, T)
[1] 3.136
Calc_pi(10000, T
#interations = 100 #interations = 500
o _| o _|
o o
> < ] > < 1
3 _
o : @
S S S T T T T T 1
00 02 04 06 08 1.0 00 02 04 06 08 10
X X
#interations = 1000 #interations = 10000
o _| o _|
o
>« ] >« ]
S S
o _| o _|
S T T T T T T S T T T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0
X X
[1] 3.144
Nit_vec <- seq(100,10000,100)
Pi_vec <- sapply(Nit_vec, Calc_pi)
plot(Nit_vec, Pi_vec, ", "#iterations", "Estiamte of pi")

abline(pi, O, "blue")

11
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m —
‘5 —_ ] J\\PVA A ﬂﬁ VJ“R/VJV»A \f‘J\‘—\j$ PV VAN
2 & - T W W
§ o _
B I
17 _
Ll
~
N [ [ [ [ [ [
0 2000 4000 6000 8000 10000
#iterations

4.2 HW4 BYRLEAE 105 FTETREEITLLOID?

Nit_vec <- seq(100,100000,100)
Pi_vec <- sapply(Nit_vec, Calc_pi)

plot(Nit_vec, Pi_vec, "1, "#iterations", "Estiamte of pi",
"Nit is up to 1075", c(3,3.3))
abline(pi, O, "blue")

Nit is up to 1075

3.30
I

3.15
I

Estiamte of pi

3.00
I

I I I I I I
0e+00 2e+04 4e+04 6e+04 8e+04 1e+05

#iterations

Nit_vec <- seq(1000,1000000,1000)
Pi_vec <- sapply(Nit_vec, Calc_pi)

plot(Nit_vec, Pi_vec, ", "#iterations", "Estiamte of pi",

12
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"Nit is up to 1076", c(3,3.3))
abline(pi, O, "blue")

Nit is up to 10*6

o
ISP -
oY ™
G
[e] ]
[} Lo
+ — PP " -
c ~ TPy Laniaas o
g p—
-+
[7)] p—
Ll o
Q —]
™ [ [ [ I I I

0e+00 2e+05 4e+05 6e+05 8e+05 1e+06

#iterations

5 EABBEEFL (BEETIK, FLSRALET)
5.1 Pella-Tomlinson REEFEET IV (FEELEIRL)

51.1 EFIDES
P z
P, =P, +rP, {1 — (i) } - C,

5.1.2 #FHHMICHERXZMA L TEGKESEZEE

r <- 0.2

K <- 10000
z <-1
TT <- 50

Catch <- rep(500, TT)

TT1 <- TT-1

P <- numeric(TT)

P[1] <- K

for(t in 1:TT1)

{

tmp <- P[t] + r*P[t]1*(1-(P[t]/K)"z) - Catchl[t]
P[t+1] <- max(tmp, 0.001)

}

print (P, 0)

13



Y& i 2022(46F9 ) Lecture 2

[1110000 9500 9095 8760 8477 8235 8026 7843 7681 7537 7409 7293 7187 7092 7004
[16] 6924 6850 6781 6718 6659 6604 6552 6504 6459 6416 6376 6338 6303 6269 6236
[31] 6206 6177 6149 6123 6097 6073 6050 6028 6007 5987 5967 5949 5931 5913 5897
[46] 5881 5865 5850 5836 5822

5.1.3 EtEFBROET

par( c(1,2))
plot(1:TT, P)
plot(1:TT, P, L@ 2, "blue", "Year", "Population size", c(0,K))
o o
S S —
o o o
— ‘G - _|
o < —
a 3 2 9
o0 © Eg —
> =
g S _ 7
o a o -
© [ [ [ [ [ [
0 10 20 30 40 50 0 10 20 30 40 50
1:TT Year

51.4 5D UEARLEE  BFEEREGTERBY PDM.PT % /ERK

#Pella-Tomlinson Production model (without stochastic process error)
PDM.PT<-function(r, K, z, P1, TT, Catch)
{
TT1 <- TT-1
P <- numeric(TT)
P[1] <- P1
for(t in 1:TT1)
{
tmp <- P[t] + r*P[t]*(1-(P[t]/K)"z) - Catchl[t]
P[t+1] <- max(tmp, 0.001)
}

return(P)

3

5.1.5 #L < Fo EHEFERTERREK PDM.PT 23217

Res <- PDM.PT(r=0.2, 1074, ilg 1074, 50, rep(500,TT))
print (Res, 0)

14
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[1110000 9500 9095 8760 8477 8235 8026 7843 7681 7537 7409 7293 7187 7092 7004
[16] 6924 6850 6781 6718 6659 6604 6552 6504 6459 6416 6376 6338 6303 6269 6236
[31] 6206 6177 6149 6123 6097 6073 6050 6028 6007 5987 5967 5949 5931 5913 5897
[46] 5881 5865 5850 5836 5822

plot(1:TT, Res, IO D "blue", "Year", "Population size", c(0,K))
o
S
2 o
.a ~— 1
C —
f% o
o S _|
—_ o
3_ <
g ]
o o —
[ [ [ [ [ [
0 10 20 30 40 50
Year

5.2 Pella-Tomlinson REEFEET IV (FEEZEIHY)

5.2.1 ETILDOESR

P z
P = |:Pt+rpt{1_ (f) }_Ct:| xexp(e,), & ~ N(0,0%)

5.2.2 o o BERHBRTERREK PDM.PT 2E3#2 (EEXEH)

#Pella-Tomlinson Production model (with stochastic process error)
PDM.PT<-function(r, K, z, P1, TT, Catch, 0)
{
TT1 <- TT-1
P <- numeric(TT)
Epsilon <- rnorm(n=TT, 0, sigma)
P[1] <- P1
for(t in 1:TT1)
{
tmp <- P[t] + r*P[t]1*(1-(P[t]/K)"z) - Catch[t]
tmp <- tmp*exp(Epsilon[t])
P[t+1] <- max(tmp, 0.001)
}
return(P)

3

15
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5.2.3 BEZL7% PDM.PT %217

K <- 1074

TT <- 50

Res <- PDM.PT(r=0.2, K, 1, K, 50, rep(500,TT), 0.05)

print (Res, 0)

[1110000 9339 9401 9299 8441 7825 8120 8179 7645 7529 6972 7142 6814 6352 5700
[16] 5823 5840 5326 5596 5628 5792 5646 5951 6029 6080 6283 6117 6231 6238 6230
[31] 5755 5711 4945 5242 5194 5452 5051 5246 5453 5374 5937 5759 5028 4990 4827
[46] 4906 4568 4029 4333 4416
plot(1:TT, Res, ", "blue", "Year", "Population size", c(0,K))
Res <- PDM.PT(r=0.2, K=K, z=1, Pi=K, TT=50, rep(500,TT), 0.05)
print (Res, 0)

[1110000 9673 9548 8737 8466 8430 8251 7863 7852 7920 7972 8435 8105 7536 7457
[16] 6751 6607 6133 5989 5926 6168 6360 6551 5620 6620 5744 5552 5738 5751 5949
[31] 5998 5633 5785 5973 5692 5923 6336 5785 5877 6092 5941 5264 4950 4927 4966
[46] 4974 5045 4984 4838 4887
points(1:TT, Res, "y, "blue")

o
S

N S

P ]

g |
.4: 8

© —

3 9

o ]

(o}

[a o —

[ [ [ [ [ [
0 10 20 30 40 50
Year
5.2.4 PDM.PT %#&YiRLEFT L THREHT
Nsim <- 100
Pmat <- array(NA, c(Nsim, TT))
plot (0, "n", "Year", "Population size", c(0,TT), c(0,K))

for(i in 1:Nsim)

16
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{

Pmat[i,] <- PDM.PT(0.2, 1074, 1, 1074, 50, rep(500,TT), 0.05)
points(1:TT, Pmat[i,], "y, "lightblue")

}

P.med <- apply(Pmat, 2, median);

P.L5per <- apply(Pmat, 2, quantile, 0.05)

P.USper <- apply(Pmat, 2, quantile, 0.95)

points(1:TT, P.med, L0 2, "red")
points(1:TT, P.L5per, ", 2, 2, "red")
points(1:TT, P.Ubper, ", 2, 2, "red")
polygon(
c(1:TT, TT:1), c(P.L5per, rev(P.USper)),
"#00000020", NA)
o
o
(U] 8 I \\‘_
N - _| N N
» ~ L T T e Ne e S =
c | e
ﬁ% Eg e~ _ s
o o ==
a v |
(e}
o o
[ [ [ [ [ [
0 10 20 30 40 50
Year
5.2.5 LRz
PDM.PT.sim <- function(r, K, z, P1, TT, Catch, 0, Nsim)
{
Pmat <- array(NA, c(Nsim, TT))
plot (0, "n'", "Year", "Population size",
c(0,TT), c(0,K), b i)
for(i in 1:Nsim)
{
Pmat[i,] <- PDM.PT(0.2, 1074, 1, 1074, 50, rep(500,TT), 0.05)
points(1:TT, Pmatl[i,], "y, "lightblue")
}

P.med <- apply(Pmat, 2, median);
P.L5per <- apply(Pmat, 2, quantile, 0.05)

17
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P.USper <- apply(Pmat, 2, quantile, 0.95)

points(1:TT, P.med, "y, 2, "red")

points(1:TT, P.Lbper, ", 2, 2, "red")

points(1:TT, P.Ubper, a0 2, 2, "red")

polygon( c(1:TT, TT:1), c(P.L5per, rev(P.USper)), "#00000020" NA)
rect( -1, 0, TT, 0.3%K, 0, rgb(1,0,0, 0.2))
rect( =1l 5 0.3*K, TT, 0.5%K, 0, rgb(1,1,0, 0.2))
rect( =il 5 0.5%K, TT, K, 0, rgb(0,1,0, 0.2))
return(Pmat)
}
5.2.6 E{7!
Res <- PDM.PT.sim(0.2, 1074, 1, 10"4, 50, rep(500,TT), 0.05, 1000)

o S~

.N 8 —_ \ — -

® o S o T T T e — —

fg o -

© o _| e _———

s 2 o

Q ]

(e}

[a

i | | | |
0 10 20 30 40 50
Year

nf <- layout(matrix(c(1,2,0,0),2,2, TRUE), c(3,1), c(4,0), FALSE)

par( c(4,4,3,1))

Res <- PDM.PT.sim(0.2, 1074, 1, 1074, 50, rep(500,TT), 0.05, 1000)

par( c(3,0,2,1))

Hist.final <- hist(Res[,TT], seq(0,1.2%K,500), FALSE)

top <- max(Hist.final$counts)

barplot (Hist.final$counts, FALSE, c(0, top), 0, TRUE)

18
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10000

6000

Population size

2000

0

Year

19
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