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library(stats)
optim()

optimize()

nlm()

nlminb()
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optim & F Nelder-Mead( 345 2 i%). quasi-Newton(#4 437 i%) F= CG(3t
B B k)

optim(par, fn, = NULL,
= c(

coop

= -Inf, = Inf,
= list(), = FALSE)

optimHess (par, fn, = NULL, ..., = list())

© BFGS H % (/& F quasi-Newton # %) 4 5|y Broyden, Fletcher,
Goldfarb #= Shanno & 1970 4 F) af 423K, H 4k A & HAE R AP B
7oA

@ L-BFGS-B ik #.#F box constraints(# X4 R), BFHEANALET W
A LT R

© SANN %35 simulated annealing(#2 #4118 X)) %, B FHALAS

A Ty ko AAR R B A, AR A T E B AR RO T 89 1L,
e bR FBUK

Q Brent HiERER F—442 & MM, 4] F optimize, uniroot F=
mle & 4
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fr <- function(x) {

100 * (x[2] - x[1]172)"2 + (1 - x[1])"2
f(l‘l,IQ) == 100(I271%)2+(17I1)2 }
library(numDeriv)
grr <- function(x) {
grad(fr,c(x[1],x[2])) # gradient

< optim(c(-1.2, 1), fr, grr, = "BFGS")

$par
[11 1 1

$value
[1] 9.595012e-18

$counts
function gradient
110 43
$convergence
[11 0
& 1: Rosenbrock & 4 $message

NULL
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library(Rdonlp2)

fn <- function(x) {
sum(x~2-10%cos (2*pi*x)+10)
}

result<-donlp2(rep(-500,100) ,fn)

100 %= ) b, 9% B B ME S A
A%, wR TN RS EREE,
Rdonlp2 &7 XA T3] 2 £ 1 Kig2

3 i7-4710MQ wiz 2.5GHz, A% 8G



o JEL& M A2 () KAR uniroot F= multiroot(rootSolve &)
@ hessian 2 #E4E% . jacobian F& T tb4EM. grad # E & &
A &M A2 R AR

optimHess(c(-1,1),fr) # stats
[,11 [,2]

[1,] 802.0008 400

[2,] 400.0000 200

grad(fr,c(-1,1)) # numDeriv

[1] -4 ©

jacobian(fr,c(-1,1)) # numDeriv

[,11 [,2]
1,1 -4 0

hessian(fr,c(-1,1)) # numDeriv
[,11 [,2]

[1,] 802 400
[2,] 400 200

f <- function(x) x~3+3*x+1
# multiroot(f,start = 1 )
uniroot (£f,c(-10,10))

$root
[1] -0.3221734

$f.root
[1] 3.970168e-05

$iter
[1] 12
$init.it
[1] NA

$estim.prec
[1] 6.103516e-05

# library(rootSolve)
# uniroot.all()
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library(rootSolve)

equations <- function(x){
f1 <- x[1]72-x[2]-1
£2 <- x[1]72-4*x[1]+x[2]"2-x[2]+3.25
c(f1,£2)

}

(ss <- multiroot(f = equationms, = c(0, 0)))

$root
[1] 1.0673461 0.1392277

$f.roo0t
[1] 6.027845e-12 4.951728e-11

$iter
[1] 7

$estim.precis
[1] 2.777256e-11

# (ss2 <- multiroot(f = equations, start = c(2, 2)))
equations(ss$root)

[1] 6.027845e-12 4.951728e-11
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nlegslv &,

L F Broyden # 1 14 iE 4= Newton %, K A8 &34 & (cubic, quadratic
or geometric) F= 4% #i3% 7 % (double dogleg, Powell single dogleg or
Levenberg-Marquardt type) K#3F &M 7424, FE T PL4E 14 7T L4 5+

# R. Baker Kearfott, Some tests of Generalized Bisection,
# ACM Transactions on Methematical Software, Vol. 13, No. 3, 1987, pp 197-220
# A high-degree polynomial system (section 4.3 Problem 12)
# There are 12 real roots (and 126 complex roots to this system!)
library(nlegslv)
hdp <- function(x) {
f <- numeric(length(x))
f[1] <- 5 * x[1]179 - 6 * x[11756 * x[2]"2 + x[1] * x[2]174 + 2 * x[1] * x[3]
£[2] <- -2 * x[1]176 * x[2] + 2 * x[1]72 * x[2]73 + 2 * x[2] * x[3]
£[3] <- x[11"2 + x[2]"2 - 0.265625
£
}
N <- 40 # at least to find all 12 roots
set.seed(123)
xstart <- matrix(runif (3*N, =1, =1), N, 3) # N initial guesses, each of length 3
ans <- searchZeros(xstart,hdp, ="Broyden", ="dbldog")
ans$x
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— Y 29 kAL optimize A F Brent fik,

B 3: flz) ¥

@ optimise 5 optimize £ —= F!
o a9 X ) 7T Ak A7 B 4B IR R,
46 AR BT

BRI KA

f <- function(x) {
ifelse(x > -1,
ifelse(x < 4,
exp(-1/abs(x - 1)),
10), 10)
¥
fp <- function(x) { £(x) }
# doesn't see the minimum
optimize(fp, c(-4, 20))

$minimum
[1] 19.99995

$objective
[1] 10

optimize(fp, c(-7, 20)) # ok

$minimum
[1] 0.9992797

$objective
11 o
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theta <- function(x1,x2) atan2(x2, x1)/(2*pi)
f <- function(x) {
f1 <- 10*%(x[3] - 10*theta(x[1],x[2]1))
£2 <- 10*(sqrt(x[1]"2+x[2]"2)-1)
£3 <- x[3]
return(f1°2+£f2°2+£372)
¥
nlm.f <- nlm(f, c(-1,0,0), = FALSE)
nlm.f

$minimum
[1] 1.238234e-14

$estimate

[1] 1.000000e+00 3.071078e-09 -6.063454e-09 250

$gradient

[1] -3.755763e-07 3.485884e-06 -2.202372e-06 aln(E, py ..o = FALSE,
= rep(1, length(p)),

$code =1, =0,

[11 2 5 919, = 1e-6,
= le-6, = 100,

$iterations = TRUE)

[1] 27
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nlminb: KM % 449 R X 40 X4 R HALF AR using PORT routines

f1lb <- function(x){
p <- length(x)
sum(c(1, rep(4, p-1))*(x - c(1, x[-p])"2)"2)
}
n=3 ## 3-dimensional box constrained
nlminb(rep(3, n), flb,
= rep(2, n),
= rep(4, n))

n=3

$par # 3-dimensional box constrained
[1] 2.000000 2.109094 4.000000 f<-function(x){
. . (x[11-1)"2+
$objective ax(x[2]-x[1]172) "2+
[1] 16.10591 4x(x[3]-x[2]"2)"2
}
$convergence nlminb(rep(3, n), f,
(11 0 = rep(2, n),
= rep(4, n))

$iterations 1
[1] 6
$evaluations
function gradient

7 22
$message

[1] "relative convergence (4)"
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constrOptim: 3T @ i& o 4 A A 05 R &M R 5 X4k Abik = 4

constrOptim(theta, f, grad, ui, ci, = le-04, = 1list(Q),
= if(is.null(grad)) else s
= 100, = le-05, ...,
= FALSE)

## from optim
fr <- function(x) { ## Rosenbrock Banana function

x1 <- x[1]
x2 <- x[2]
100 * (x2 - x1 * x1)72 + (1 - x1)72
}
grr <- function(x) { ## Gradient of 'fr'
x1 <- x[1]
x2 <- x[2]
c(-400 * x1 * (x2 - x1 * x1) - 2 * (1 - x1),
200 * (x2 - x1 * x1))
}

# x<=0.9, y-x>0.1
# ui %*% theta - ci >= 0
constrOptim(c(.5,1), fr, grr,
= rbind(c(-1,0), c(-1,1)),
= ¢c(-0.9,0.1))
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o optimx: ¥ KA FKEL (% SANN
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@ alabama:

o Rdonlp2: FEXMMX] (R4 B 45
@ Rsolnp: AT/ 49 B £Fik

alabama.

Rdonlp2 #= Rsolnp B #7%& $#k 2 i

Fiksh) #HE, BB &

AR A A )
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BB .5 optimx &,

optimx &,

@ General-purpose optimization wrapper function that calls other R
tools for optimization.

@ % — T stats. BB Ffr ucminf & X 49 % 4 o, 122 optimx & 4 R
R optim F & A 49 SANN H %

library(stats)

library(BB)

library(ucminf) # An Algorithm for unconstrained nonlinear optimization
library(optimx)
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BB &

A KA IE & 7 A2 KA (BBsolve) #=ir 48 X 49 R 69 E K AL
(BBoptim), & F Barzilai-Borwein 77 ik 523, &K B 475 4449 Hessian
4B %

library(BB)
equations <- function(x){
£1 <= x[1]172-x[2]-1
£2 <= x[1]72-4%x[1]+x[2]"2-x[2]+3.25
c(f1,£2)
}
p0 <- rep(0, 2)
# dfsane(par = pO, fn = equations, control = list(trace = FALSE))
BBsolve ( = po, = equations) # BBsolve is better

BBsolve % dfsane #93f3
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poissmix.loglik <- function(p,y) {

# Log-likelihood for a binary Poisson mixture distribution

i <= 0:(length(y)-1)

loglik <- y * log(p[1] * exp(-p[2]) * p[2]7i / exp(lgamma(i+1)) +

(1 - p[1]) * exp(-p[3]) * p[3]7i / exp(lgamma(i+1)))

return (sum(loglik) )

}
# Data from Hasselblad (JASA 1969)
poissmix.dat <- data.frame( =0:9, =c(162,267,271,185,111,61,27,8,3,1))
lo <- ¢(0,0,0) # lower limits for parameters
hi <- c(1, Inf, Inf) # upper limits for parameters
pO <- runif(3,c(0.2,1,1),c(0.8,5,8)) # a randomly generated vector of length 3
y <- c(162,267,271,185,111,61,27,8,3,1)
ansl <- spg( =p0, =poissmix.loglik, y=y,

=lo, =hi,
=1list( =TRUE, =FALSE))
ans2 <- BBoptim( =p0, =poissmix.loglik, y=y,
=lo, =hi, =list( =TRUE))

ans2
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library(numDeriv)

hess <- hessian(x=ans2$par, =poissmix.loglik, y=y)
# Note that we have to supplied data vector 'y'

hess

se <- sqgrt(diag(solve(-hess)))

se
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# 3 randomly generated starting values

pO <- matrix(runif (30, c(0.2,1,1), <(0.8,8,8)), 10, 3, =TRUE)
ans <- multiStart( =p0, =poissmix.loglik, ="optimize",
=y, =lo, =hi, =list( =TRUE))

# selecting only converged solutions
pmat <- round(cbind(ans$fvalue[ans$conv], ans$par[ans$conv, 1), 4)

dimnames (pmat) <- list(NULL, c("fvalue","parameter 1","parameter 2","parameter 3"))

pmat [!duplicated(pmat), ]



3F 4 29 R AL

Goal: ¥ 9 &4 24 % 69 3E Bk Ak



0®0000000
3k 2k 2 RARA

alabama &,

Augmented Lagrangian Adaptive Barrier Minimization Algorithm
(B 3t 0 B B 165 BAFRML I R): T (JF) &t (F) 5 X4 &

library(alabama)
fn <- function(x) (x[1] + 3*x[2] + x[3]1)"2 + 4 * (x[1] - x[2])"2
gr <- function(x) {
g <- rep(NA, 3)
gl1] <- 2% (x[1] + 3*x[2] + x[3]) + 8*(x[1] - x[2])
gl2] <- 6x(x[1] + 3*x[2] + x[3]) - 8*(x[1] - x[2])
gl3] <- 2% (x[1] + 3*x[2] + x[3])
g
}
heq <- function(x) {
h <- rep(NA, 1)
hl1] <- x[1] + x[2] + x[3] - 1
h
}
heq.jac <- function(x) {
j <- matrix(NA, 1, length(x))
jl1, 1 <= c(1, 1, 1)
J
}
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hin <- function(x) {
h <- rep(NA, 1)
h[1] <- 6*x[2] + 4*x[3] - x[1]°3 - 3
h[2] <- x[1]
h[3] <- x[2]
h[4] <- x[3]
h
}
hin.jac <- function(x) {
j <- matrix(NA, 4, length(x))
jl1, 1 <= c(-3*x[1]1"2, 6, 4)
j2, 1 <- c(1, 0, 0
j[3, 1 <- c(0, 1, 0)
jl4, 1 <= c(0, 0, 1)
]
}
set.seed(12)
pO <- runif(3)
ans <- constrOptim.nl(par=p0, fn=fn, gr=gr, =heq,
=heq. jac, =hin, =hin. jac)
# Not specifying the gradient and the Jacobians
set.seed(12)
pO <- runif(3)
ans2 <- constrOptim.nl(par=p0, fn=fn, =heq, =hin)



KA AAL
[e]o]e] lelele]e]e]
45 241 29 A A

Rdonlp2

k4% gec/g++ 4iF3R3%E: Rtools !

install.packages("Rdonlp2", ="http://R-Forge.R-project.org", = "source"
library(Rdonlp2)

Rtools #5l k 5 R #9pr A&4 %, /£ R Console Zi&4T T & 6944, ik
= TRUE, #0%% A5,

devtools::find_rtools()

[1] TRUE

Thttp://cran.rstudio.com/bin/windows/Rtools/Rtools32.exe
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min z= 7?siny+ ¢y cos
—100 < z < 100
~100 < y < 100
1<32—y<3
T+y=2
sinzcosy < 0.6

Ty =2

s.t.
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p = c(10,10)
par.l= c(-100,-100); par.u = c(100,100)
fn = function(x){
x[1]72*sin(x[2])+x[2] "2*cos (x[1])
}
A = matrix(c(1,1,3,-1),2, =TRUE)
lin.1 = c(2,1);1lin.u = c(+Inf,3)
nlconl = function(x){
x[1]*x[2]
}
nlcon2 = function(x){
sin(x[1]1)*cos(x[2])

nlin.1l = c(2,-Inf)

nlin.u = ¢(2,0.6)

ret = donlp2(p, fn, =par.u, =par.1,A, =lin.1, =lin.u,
=list(nlconi,nlcon2), =nlin.u, =nlin.1)

$par

[1] 1.403076 1.425440

$fx

[1] 2.287053

$message

[1] "KT-conditions satisfied, no further correction computed"

H HE H H KR



General Non-linear Optimization Using Augmented Lagrange Multiplier
Method (3F 3~ #4521 B % F %)

# POWELL Problem

library(Rsolnp)

fnl=function(x){
exp(x[1]*x[2]*x [3]*x [4]*x[5])

}

eqni=function(x){
z1=x [1]*x [1]+x [2] *x [2] +x [3] *x [3] +x [4] *x [4] +x [5] *x [5]
z2=x[2]*x [3] -6*x [4] *x [5]
z3=x[1]*x [1]*x [1]+x [2] *x [2] *x [2]
return(c(z1,2z2,z3))

}

x0 = c(-2, 2, 2, -1, -1)

powell=solnp(x0, = fnil, = eqni, = c(10, 0, -1))
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library(Rsolnp)
library(parallel)
cl = makePSOCKcluster(2)
gofn = function( , n)
{

x = dat[1:n]

y = dat[(n+1):(2*n)]
z = dat[(2*n+1): (3*n)]

ii = matrix(1:n, =n, =n, = TRUE)
jj = matrix(1:nm, =n, = n)

ij = which(ii<jj, = TRUE)

i=1j[,1]

j=1j0,2]

# Coulomb potential
potential = sum(1.0/sqrt((x[i]l-x[j1)"2 + (y[il-y[j1)"2 + (z[i]l-z[j1)"2))

potential
}
goeqfn = function( , n)
{

x = dat[1:n]

y = dat[(n+1):(2*n)]

z = dat[(2*n+1): (3*n)]
apply(cbind(x~2, y~2, z72), 1, )
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n =25

LB = rep(-1, 3*n)
UB = rep( 1, 3%n)
eqB = rep( 1, n)

sp = startpars( = NULL, = NULL, = gofn ,
= goeqfn, = eqB, = NULL,
= NULL, = NULL, = LB,
= UB, = rep(1, length(LB)),
= 1list(Q), = 2000, S @l
= 100, = 15, = 2, = 25)

#stop cluster

stopCluster(cl)

# the last column is the value of the evaluated function
# (here it is the barrier function since eval.type = 2)
print (round(apply(sp, 2, "mean"), 3))

# remember to remove the last column

ans = solnp( =spl1,-76], = gofn , = goeqfn,
= egB, = NULL, = NULL,
= NULL, = LB, SRUBR = 25)

# should get a value of around 243.8162
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Nonlinear Mixed Integer Programming

min f(z)

9. < g(z) < gu
z, <z <2y
neZicl
.I’iER,Z'¢I.

s.t.

where f(z) : R" — R, g(z) : R™ — R™ are twice continuously differen-
tiable convex functions and [ is a subset of Z



o IpSolve: &M, EH AR AELHNAX, BAFHHA LM
o Rglpk: i3 MathProg = CPLEX #9357, bk Fuift & B HHLK)
o JE L& MR A FEKME MINLP, Bonmin FiER B 2

B A XNF % GA

2https://projects.coin-or.org/Bonmin
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@ Gurobi

o LocalSolver(localsolver)

e Lindo(rLindo)

@ CPLEX(Rcplex #= cplexAPI) 7T 3£ 4% % 3% 52 Kh&
o MOSEK(Rmosek) T 3£ 7% % % 52 K ik
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