Jlekmma 1. MogeanpoBanne n Ontumn3aiug B Julia: Onrn-
MU3anus HeJUHENHBIX W JIUHEMHBIX 3a7a9 ¢ HellpepbIBHOIT 00JI.
onp. (riobajbHas U JOKAJIbHAs OINTUMU3AINSA )

Hucuyunauna: B1.0.01 Maremarndeckie MeTOIbI IPUHSITHS PEIICHU

Hanpasaenue nodezomosxu: 01.04.02 Ilpukiajnas MareMaTnka n WHOOPMATIKA

Hanpasaenrnocms (npoduas) nodeomosku: Matemarnieckoe MOJETIPOBAHIE

OcHoBHag 1ejb: HaydnTb cTy/IeHTOB IPUMEHATH HaKeThl A3bIKa ITPOrpaMMIU-
pOBaHuA Julia, [IpeaHasHavYCHHbIC TJId HaXOXKICHMA I‘.HO6EL.HI)HI)IX 1 JIOKAJIbHBIX OIITU-
MYMOB B JUHEHHBbIX W HeJNHEHHBIX 3a/ladax MaTEMaTHUYECKOI'O IIPpOIpaMMUPOBaHNA.
Ha IIEPBOM 3aHATHUN PpaCCMaTPUBaIOTCA 3aJa491 C HIEPEMEHHbLIMU, HEIIPEPLIBHO MEHATO-
HUMICA B CBOEH 00J1acTH OIpe e IeHNUs.

OcHoOBHBIC yYyMeHnnd 1 HaBbIKH. ITocne HN3y4d€HUA MaTepHraJla JIEKIINN 1 pa36opa

IMPUMEPOB CTYACHTBHI JOJIZKHBI YMETb!

® 110/1b30BaThCs crienuaan3upoBanubiMu nakeramu BlackBoxOptim.jl, Optim.jl,
Convex.jl, JuUMP.jl mist bopmasm3anun 3a/1adu, HOCTPOEHISI MO U HAXOXK-

JIeHIs TJI00AJILHOIO WK JIOKAJIBHOIO ONTUMAJILHOIO PELICHNS;
e yCTaHABJIMBATL HEOOXOAUMBIE IIAKETHI B CBOEM IIPOEKTE;
e 1OJK/II0YATE Solver (perraTesib) K MOJE/N U 3a/1aBaTh €ro MapaMeTphl;

® DelaTb 3aJa41, aHaJIOTUYIHbIEC PaCCMOTPEHHBIM Ha JICKIIUHN.

Conep>kaHue JIEKITNN:

Yactp 1: [Takerst BlackBoxOptim.jl, Optim.jl u Convex.jl. ['mobasibrast n toka/ib-
Hasl ONTUMU3AIINSI.

Yactb 2: 3uakomcTBo ¢ JuMP — nipe/iMeTHO-OpUEHTHPOBAHHBIM SI3LIKOM MOJIC/TH-
pOBaHU JIJIT MATEMATHICCKON OMTUMUBAINN, BCTPOoeHHBIM B Julia. V3ydenne mpaBu
nocrpoenust mogeseii. [onkmodenne pemareseit Ipopt, HIGHS, GLPK, SCS. Beruuc-
JINTEJIbHBIE SKCIIEPUMEHTHI.

IIpumepbl, paccMOTpeHHbIE Ha JIEKITUN:

o Munnmuzanus gpyakimun PoseHOpoka.
e 3aJiaun JIMHEITHOrO IPOrPaMMUIPOBAHNIS.
e 3ajiava MUHUMHU3AINE HOPMbI P HAJTUYIUNA OTPAHUIEHIMIA.

e T'pancropruas 3ajiada

Jlex1us mpoBoIUTCS B KOMIILIOTEPHOM KJjiacce, 000pymoBaHHOM IIpoekTopoM. Ha

KazKJIOM KOMIIbIOTEpPE MMEETCs BCE HEOOXOIMMOe IIPorpaMMHOe obecliedeHme.



Nexkuwns 1. MogenuposaHune n Ontummnsauyma B Julia:

OnTuMmnsaums HeNMMHENHbIX U NUHENHBbIX 3a4a4 C HENpepbIBHOM
obn. onp. (rnobanebHaga 1 nokanbHass oNTUMU3aLns)

YacTb 1: MNakeTtbl BlackBoxOptim.jl, Optim.jl u Convex.jl

[[mobanbHaga 1 nokanbHas onTUMmM3ayms

BlackBoxOptim — nakeT rnobansHon ontumusaumm ans Julia. OH noaaepXxrBaeT Kak MHOroLeNeBbIe, Tak U OQHOLENEBbIE 3aaa4n
ONTUMM3ALIMN U OPUEHTMPOBAH Ha (MeTa) 3BpUCTUYECKME / CTOXacTu4eckme anroputmel. He TpebyeT, 4ToGbl onTUMM3npyemast hyHKLMS
6bina anddepeHunpyemon. 3arpysuTb NakeT:

using Pkg

Pkg.add("BlackBoxOptim")

Mpumep 1.1: MuHuMu3saumusa dpyHkuumn PoseH6poka:
fo)=(@=x)’+b-(xy=x])’
X €(—5,5), x, €(—-5,9)

npu a = 1, b = 100. FMo6anbHbI MUHAMYM B TOYKE (a, az)_

# rpaguk QyHKUmn (NMOBEPXHOCTb MOXHO repemMewatb, yBenunBaTb M Bpalartb):
using Plots; plotlyjs()

x =y = collect(-5:0.1:5)

g(x, y) = (1.0 - x)™2 + 100.0 * (y - x"2)"2

surface(x, y, g, c=cgrad(:thermal, rev = true), legend = false)
wireframe! (x, y, g)
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# CoxpaHeHue pUCYHKa:
savefig("rosenbrock.png")

"C:\\Users\\Olgal\\rosenbrock.png"

# 3apaHne QyHKUuM:
Rosenbrock(x) = (1.0 - x[1])72 + 100.0 * (x[2] - x[1]"2)"2

Rnsenhrock (aeneric function with 1 method)


https://plotly.com/

T T ]

# OnTumm3laums:
using BlackBoxOptim

res = bboptimize(Rosenbrock; SearchRange = (-5.0, 5.0), NumDimensions = 2)

best_fitness(res) < 0.001

Starting optimization with optimizer DiffEvoOpt{FitPopulation{Float64}, RadiusLimitedSelector, BlackBoxOptim.Adap
tiveDiffEvoRandBin{3}, RandomBound{ContinuousRectSearchSpace}}
0.00 secs, 0 evals, 0 steps

Optimization stopped after 10001 steps and 0.01 seconds
Termination reason: Max number of steps (10000) reached
Steps per second = 909188.60

Function evals per second = 918552.30

Improvements/step = 0.21620

Total function evaluations = 10104

Best candidate found: [1.0, 1.0]

Fitness: 0.000000000

true

Ontnmmnsauma c naketamm Optim.jl, Optimization.jl

Optim nonHocTbio HanucaH Ha si3bike Julia (B oTnnyme oT GonbLUMHCTBA APYrux peluaTenen).

Optim nmeeT goctyn k yHKUMAM aBTOMaTUYeckoro anddepeHunposaHmns Yepes naketbl B JuliaDiff.
3arpyauTtb naket

using Pkg

Pkg.add("Optim")

Optim — 370 nakeT Julia, peanuayoLinin pa3nuyHble anropuTMbl 411 OAHOMEPHOW U MHOTOMEPHOI ONTUMU3aLUK.

Mpumep 1.2.1: MuHnMmmnsaums dyHkumm PoseHbpoka B nakeTe Optim (napameTpsbl no ymonyanuto - anropmutm Nelder-Mead):

using Optim

f(x) = (1.0 - x[1])72 + 100.0 * (x[2] - x[1]"2)"2
x0 = [0.0, 0.0]

optimize(f, x0)

* Status: success

* Candidate solution
Final objective value: 3.525527e-09

* Found with
Algorithm: Nelder-Mead

* Convergence measures
V(E(yi-y)?)/n = 1.0e-08

* Work counters

Seconds run: 0 (vs limit Inf)
Iterations: 60
f(x) calls: 117

Mpumep 1.2.2: MuHnMmusaums dyHkumm Po3eHbpoka B nakeTe Optim (napameTpbl No ymonyanuio, anroputm BFGS):

using Optim
rosenbrock(x) = (1.0 - x[1])72 + 100.0 * (x[2] - x[1]72)"2
result = optimize(rosenbrock, zeros(2), BFGS())

* Status: success



* Candidate solution

Final objective value: 5.471417e-17
* Found with
Algorithm: BFGS
* Convergence measures
|x - x"| = 3.47e-07 % 0.0e+00
[x - x"|/]x"]| = 3.47e-07 £ 0.0e+00
[ f(x) - f(x")] = 6.59%e-14 ¢ 0.0e+00
[ f(x) - f(x")|/|f(x')] = 1.20e+03 % 0.0e+00
|g(x) | = 2.33e-09 =< 1.0e-08
* Work counters
Seconds run: 0 (vs limit Inf)
Iterations: 16
f(x) calls: 53

Vf(x) calls: 53

Mpumep 1.2.4: MuHnmusaums dyHkumm PoseHbpoka B nakeTe Optim metomom Optim.IPNewton()

using Optimization, OptimizationOptimJL

rosenbrock(x, p) = (p[1l] - x[1])"2 + p[2] * (x[2] - x[1]72)"2

cons = (res, x, p) -> res .= [x[1]"2 + x[2]"2]

X0 = zeros(2)

p=1[1.0, 160.0]

prob = OptimizationFunction(rosenbrock, Optimization.AutoForwardDiff(); cons = cons)
prob = Optimization.OptimizationProblem(prob, x0, p, lcons = [-5.0], ucons = [10.0])
sol = solve(prob, IPNewton())

u: 2-element Vector{Float64}:
0.9999999992669327
0.9999999985109471

Mpumep 1.2.5: MeTop ParticleSwarm BbinonHseT B Optim rno6anbHyto onTumMusaumio Ans 3agad ¢ reoMeTpuyeckuMm orpaHnYeHnsaSMmn nnm
6e3 Hux. PaboTaeT kak C HXHUMW U BEPXHUMU rpaHuLaMu, yctaHoBrneHHbiMu |b n ub, Tak n 6e3 Hux B Optimization.OptimizationProblem:

using Optimization, OptimizationOptimJL

rosenbrock(x, p) = (p[1l] - x[1])72 + p[2] * (x[2] - x[1]"2)"2

X0 = zeros(2)

p=1[1.0, 160.0]

ffff = OptimizationFunction(rosenbrock)

prob = Optimization.OptimizationProblem(ffff, x0, p, b = [-1.0, -1.0], ub = [1.0, 1.0])
sol = solve(prob, Optim.ParticleSwarm(lower = prob.lb, upper = prob.ub, n particles = 100))

u: 2-element Vector{Float64}:

==
oOON

Mpumep 1.2.6: MeTtog Optim.SAMIN() BbinonHsieT B Optim rno6anbHyto onTrMU3auuio Ans 3agay ¢ reoMeTpU4eCcKUMU OrpaHUYEHNSIMU:

using Optimization, OptimizationOptimJL

rosenbrock(x, p) = (1 - x[1])"2 + 100 * (x[2] - x[1]"2)"2

X0 = zeros(2)

p=1[1.0, 100.0]

f2 = OptimizationFunction(rosenbrock, Optimization.AutoForwardDiff())

prob = Optimization.OptimizationProblem(f2, x0, p, b = [-1.0, -1.0], ub = [1.0, 1.0])
sol = solve(prob, Optim.SAMIN())

SAMIN results
NO CONVERGENCE: MAXEVALS exceeded

0bj. value: 0.02876
parameter search width
0.84048 2.00000
0.71216 2.00000

u: 2-element Vector{Float64}:
0.8404760605783965

0.7121592069032203



PelweHne 3agad metogamu Bbinyknon ontummsaummn (Convex)

using Convex
using SCS
using LinearAlgebra

Mpumep 1.3. 3apaya NUHENHOro NPOrpaMMMUpPOBaHUA:
65x| + 70x, + 60x5 + 120x, — max
4x |+ 2x, + 2x3 + 8x, < 4800,
2x; + 10x, + 6x5 < 2400,

x|+ 2x3 + x4 < 1500,

x;20,i=1,4, x,<100, x;+x,<200

X = Variable(4)
c = [65; 70; 60; 120]
A=1[42228;2106 0;10 2 1]
b = [4800; 2400; 1500]
p = Convex.maximize(dot(c, x)) # wm c' * x
p.constraints += A * x <= b
p.constraints += [x >= 0; x[2] <= 100; x[1] + x[3] <= 200]
Convex.solve!(p, SCS.Optimizer; silent solver = true)
println("OnTuManbHoe 3HayeHwe QyHKLMOHANA 3apayu: ", round(p.optval, digits = 3))
println("PeweHne: ", round. (evaluate(x), digits = 5))
OnTuManbHoe 3HayeHue ¢QyHKUMOHaNa 3apayu: 82000.0
PeweHune: [0.0, 100.0, 200.0, 525.0]
Mpumep 1.4.:

[|4x — b||2 — min 1pu ycaoBua x > 0

# [eHepupyeM p[aHHble K 3apgade cJyqanHbiM obpa3om
n=4 m=5

A = randn(n, m); b = randn(n, 1)
println("Pa3MepHocTb MaTpuubl A: $n Ha $m")
println("Pa3mepHocTb BekTopa b: $m Ha 1")

Pa3mepHocTb MaTpuupl A: 4 Ha 5
Pa3MepHocTb BekTopa b: 5 Ha 1

# A wu b:
for i=1:n

for j=1:m

print(round(A[i,j], digits=3)," ")

end

printin(" ", round(b[i], digits=3))
end
-1.086 -0.617 -2.591 1.354 -1.032 0.513
-0.954 -0.034 1.78 -0.715 1.826 0.686
-0.298 0.832 -1.438 -1.594 0.704 0.77
-1.825 0.561 -0.315 -0.422 -0.166 -0.028

# [locTpoeHne mopgenun u peueHune:
using Convex, SCS
# Co3pgaem BeKkTop-cronbey (m x 1)

x = Variable(m)
# Tpebyetcs muHummsuposatb ||Ax - b||"2 npu ycrnosum x >= 0



# Wcnonb3yem: minimize(objective, constraints)
problem = minimize(sumsquares(A * x - b), [x >= 0])

# Pewum 3apady Bbei3BaB solve!
Convex.solve! (problem, SCS.Optimizer; silent solver = true)

# Craryc 3apayn:
problem.status # :0Optimal, :Infeasible, :Unbounded etc.

# OnTumanbHoe 3HadyeHune @yHKUMoHana:
println("OnTuManbHoe 3HayeHue ¢yHKuMOHana: ",problem.optval)
println("PeweHwne: ", round. (evaluate(x), digits = 5))

OnTuManbHoe 3HayeHue ¢yHKuMOHana: 0.9991923038246311
PeweHne: [-0.0, 0.00829, -0.0, 0.0, 0.25617]

YacTtb 2: OcHoBbl MmogenupoBanusa B JUMP

JUMP — aBngaeTcs npeaMeTHO-OPUEHTUPOBAHHBIM SI3bIKOM MOAENUPOBaHUA NS MaTeMaTUYEeCKoON oNTMMM3aLmMm, BCTPOEHHbIM B Julia. B
HacTosiLLiee BpeMs OH NOoAAepXUBaeT psf OTKPbITbIX U komMmepyeckux peluatenen (Artelys Knitro, BARON, Bonmin, Cbc, Clp, Couenne,
CPLEX, ECOS, FICO Xpress, GLPK, Gurobi, Ipopt, MOSEK, NLopt, SCS, HiGHS, SCIP u gp.).

MoxHo paccmaTtpusaTte JUMP kak Habop BcnoMoraTernbHbIX NakeToB Ans MaTeMaTU4ecKkon onTuMmumaaumm B Julia.

JUMP nosBonsieT nerko hopmynMpoBaTh NOCTAHOBKY 3aa4M MaTeMaTUYeCKOro NporpaMMMpOBaHis, B TOM YnCHe ANs LeNOYNCIEHHbIX 1
CMellaHHbIX 3aJay; 3a4ad BbiMyKnoro NporpaMmMmMpoBaHus; 3agad AMHaMUYecKon onTuMUsaumum 1 ap.

LP = nuHenHoe nporpaMM1MpoBaHuE;
QP = kBagpaTM4HOE NporpaMM1UpoBaHue;

SOCP = KoHM4Yeckoe NporpaMmmypoBaHve BTOPOro nopsifika (BKMoYas 3aaayv ¢ BbiMyKbIMU KBaApaTUYHLIMU OrpaHUYeHUsiMmn 1 / unm
Lenbto);

MILP = CmeluaHHOe U LienovmcrneHHoe NIMHENHoe NporpaMMmMpoBaHine;

HJM = HenvHenHoe nporpaMMmpoBaHue;

MINLP = cmeluaHHO-LeNno4YncneHHoe HefIMMHENHOe NporpaMMmpoBaHne;

SDP = nonyonpeaeneHHoe nporpaMM1MpoBaHue;

MISDP = cmelLaHHO-LIeNoYnCcneHHoe NonyonpeaeneHHoe NporpaMmmMpoBaHue;

JuMP ncnonb3yeTcsi COBMECTHO CO creuuanvM3MpoBaHHbIMU NakeTaMu ANSA peleHUss KOHKPEeTHbIX KNaccoB 3afay.

Pewarenu (Solver), paccmoTpeHHble Ha 3aHaTum: Ipopt, HIGHS, GLPK, SCS

using JuMP
using Ipopt

Mpumep 2.1.: CHoBa cyHKuMA PoseHBpoka:
fx) = (1.0 7x1)2 +100.0 - (x, ,x?)z = min

x; €(—5,5), x, €(—-5,9)

# ¢yHKuma Po3eHbpoka

modell = Model(Ipopt.Optimizer)

@variable(modell, -5.0 <= x[i = 1:2] <= 5.0)

@NLobjective(modell, Min, (1.0 - x[1])"2 + 100.0 * (x[2] - x[1]"2)"2)
set start value.(x[1], -5.0)

set start value.(x[2], -5.0)

optimize! (modell)

println("solution = ", (value(x[1]),value(x[2])))
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This program contains Ipopt, a library for large-scale nonlinear optimization.
Ipopt is released as open source code under the Eclipse Public License (EPL).

For more information visit https://github.com/coin-or/Ipopt
Sk >k 3k ok 3k >k Sk >k sk Sk >k ok Sk sk ok Sk >k ke Sk sk ok Sk 3k ok Sk sk ok Sk sk ok sk sk ok Sk sk ok sk sk Sk sk sk Sk >k sk ok sk sk Sk sk sk Sk sk sk Sk sk sk Sk sk ke Sk sk ok Sk sk ok Sk sk ok sk sk ok sk kook sk k ok sk

This is Ipopt version 3.13.4, running with linear solver mumps.
NOTE: Other linear solvers might be more efficient (see Ipopt documentation).




Number of nonzeros in equality constraint Jacobian...: 0
Number of nonzeros in inequality constraint Jacobian.: 0
Number of nonzeros in Lagrangian Hessian.............: 3
Total number of variables............... ... it 2
variables with only lower bounds: 0
variables with lower and upper bounds: 2
variables with only upper bounds: 0
Total number of equality constraints.................: 0
Total number of inequality constraints...............: 0
inequality constraints with only lower bounds: 0
inequality constraints with lower and upper bounds: 0
inequality constraints with only upper bounds: 0
iter objective inf_pr  inf_du lg(mu) ||d|| 1lg(rg) alpha_du alpha pr 1s
0 8.6780381le+04 0.00e+00 9.72e+01 -1.0 0.00e+00 - 0.00e+00 0.00e+00 0
1 3.0733341e+04 0.00e+00 4.11le+01 -1.0 1.35e+00 - 3.80e-02 1.00e+00f 1
2 7.0928973e+03 0.00e+00 1.19e+01 -1.0 1.35e+00 - 2.68e-01 1.00e+00f 1
3 2.3397159e+02 0.00e+00 1.88e+00 -1.0 5.41e+00 - 1.00e+00 1.00e+00f 1
4 1.4371479e+01 0.00e+00 3.17e-01 -1.0 2.74e-01 - 1.00e+00 1.00e+00f 1
5 6.3325208e+00 0.00e+00 2.89e-02 -1.7 1.03e-01 - 1.00e+00 1.00e+00f 1
6 5.5004449e+00 0.00e+00 6.56e-02 -2.5 8.0le-01 - 9.0le-01 1.00e+00f 1
7 4.3645757e+00 0.00e+00 2.79e-02 -2.5 3.46e-01 - 1.00e+00 1.00e+00f 1
8 3.8395224e+00 0.00e+00 4.83e-02 -3.8 5.82e-01 - 9.08e-01 1.00e+00f 1
9 2.8313531e+00 0.00e+00 1.05e-02 -3.8 1.04e-01 - 1.00e+00 1.00e+00f 1
iter objective inf pr  inf du lg(mu) ||d|| 1lg(rg) alpha du alpha pr 1s
10 2.5804793e+00 0.00e+00 2.57e-02 -3.8 7.14e-01 - 1.00e+00 5.00e-01f 2
11 1.7633177e+00 0.00e+00 6.06e-03 -3.8 8.67e-02 - 1.00e+00 1.00e+00f 1
12 1.6686281e+00 0.00e+00 2.45e-02 -3.8 5.29e-01 - 1.00e+00 5.00e-01f 2
13 9.9001933e-01 0.00e+00 3.29e-03 -3.8 6.75e-02 - 1.00e+00 1.00e+00f 1
14 7.8786327e-01 0.00e+00 6.75e-03 -3.8 5.19e-01 - 1.00e+00 2.50e-01f 3
15 5.6596492e-01 0.00e+00 9.73e-03 -3.8 1.71e-01 - 1.00e+00 1.00e+00f 1
16 3.6119492e-01 0.00e+00 3.41e-03 -3.8 1.0le-01 - 1.00e+00 1.00e+00f 1
17 2.9913382e-01 0.00e+00 1.37e-02 -3.8 1.93e-01 - 1.00e+00 1.00e+00f 1
18 1.2458468e-01 0.00e+00 7.21e-04 -3.8 9.33e-02 - 1.00e+00 1.00e+00f 1
19 7.8515974e-02 0.00e+00 7.41e-03 -5.7 3.18e-01 - 9.56e-01 5.00e-01f 2
iter objective inf pr  inf du lg(mu) ||d|| 1lg(rg) alpha du alpha pr 1s
20 3.1700263e-02 0.00e+00 1.08e-03 -5.7 1.0le-01 - 1.00e+00 1.00e+00f 1
21 1.8629837e-02 0.00e+00 7.21e-03 -5.7 1.83e-01 - 1.00e+00 1.00e+00f 1
22 2.1951174e-03 0.00e+00 1.27e-04 -5.7 4.84e-02 - 1.00e+00 1.00e+00f 1
23 3.6236571e-04 0.00e+00 1.23e-03 -5.7 8.29e-02 - 1.00e+00 1.00e+00f 1
24 1.0749823e-06 0.00e+00 1.91e-06 -5.7 6.65e-03 - 1.00e+00 1.00e+00f 1
25 1.1730666e-10 0.00e+00 7.07e-07 -8.6 2.07e-03 - 1.00e+00 1.00e+00f 1
26 3.5499914e-14 0.00e+00 7.89e-13 -8.6 4.15e-06 - 1.00e+00 1.00e+00f 1
Number of Iterations....: 26
(scaled) (unscaled)
Objective...............: 5.9154691681460067e-17 3.549991357187781%e-14
Dual infeasibility......: 7.8887792671990457e-13 4.7342142138314910e-10
Constraint violation....: 0.0000000000000000e+00 0.0000000000000000e+00
Complementarity.........: 2.5059045470702524e-09 1.5038434367877998e-06
Overall NLP error.......: 2.5059045470702524e-09 1.5038434367877998e-06
Number of objective function evaluations = 48
Number of objective gradient evaluations = 27
Number of equality constraint evaluations =0
Number of inequality constraint evaluations =0
Number of equality constraint Jacobian evaluations =0
Number of inequality constraint Jacobian evaluations = 0
Number of Lagrangian Hessian evaluations = 26
Total CPU secs in IPOPT (w/o function evaluations) = 0.768
Total CPU secs in NLP function evaluations = 1.151

EXIT: Optimal Solution Found.
solution = (0.9999998116908037, 0.9999996227526742)

# 06was mHPopMaums Mo MpPoOUECCy peweHus 3apaydn:
solution summary(modell)

* Solver : Ipopt

* Status
Termination status : LOCALLY SOLVED
Primal status : FEASIBLE_POINT
Dual status : FEASIBLE POINT

Message from the solver:
"Solve Succeeded"

* Candidate solution
Objective value 1 3.549991357187782e-14

* Work counters



I solve time (sec) @ 2.15200

Mpumep 2.2. 3agaya NUHENHOro NPorpaMMMUpPOBaHUA:

model2 = Model(Ipopt.Optimizer)

@variable(model2,x>=0)
@variable(model2,y>=0)
@constraint(model2, 5*x+6*y <= 60)
@constraint(model2, -5*x+3*y<= 15)
@constraint(model2, 2*x-7*y <= 14)
@constraint(model2, x+2*y >= 2)
@objective(model2, Max, x+2*y)

print(model2)
optimize! (model2)

println("Optimal objective value= $(objective value(model2))")
println("x= ",value(x))
println("y= ",value(y))

max x+2y
Subjectto x+2y>2.0
S5x + 6y < 60.0
—5x+3y<15.0
2x— Ty < 14.0
x>0.0
y=0.0

This is Ipopt version 3.13.4, running with linear solver mumps.
NOTE: Other linear solvers might be more efficient (see Ipopt documentation).

Number of nonzeros in equality constraint Jacobian...:
Number of nonzeros in inequality constraint Jacobian.:
Number of nonzeros in Lagrangian Hessian.............:

[N No]

Total number of variables............... ... vt
variables with only lower bounds:

variables with lower and upper bounds:

variables with only upper bounds:

Total number of equality constraints.................:
Total number of inequality constraints...............:
inequality constraints with only lower bounds:
inequality constraints with lower and upper bounds:
inequality constraints with only upper bounds:

WoOHPAPODOONN

iter objective inf pr  inf du lg(mu) ||d|| 1lg(rg) alpha du alpha pr 1s
0 2.9999970e-02 1.97e+00 2.60e-01 -1.0 0.00e+00 - 0.00e+00 0.00e+00 0
1 1.0629696e-01 1.89e+00 1.54e+00 -1.0 5.47e+00 - 1.91e-02 4.83e-02h 1
2 2.0683374e+00 0.00e+00 1.64e+00 -1.0 6.44e+00 - 2.93e-01 1.00e+00f 1
3 2.2611643e+00 0.00e+00 1.10e+00 -1.0 8.86e-01 - 4.49e-01 1.00e+00f 1
4 7.5111137e+00 0.00e+00 7.98e-01 -1.0 1.92e+01 - 3.02e-01 1.00e+00f 1
5 1.3717778e+01 0.00e+00 1.24e-01 -1.0 2.18e+01 - 5.34e-01 1.00e+00f 1
6 1.7909990e+01 0.00e+00 1.92e-02 -1.0 1.90e+01 - 7.05e-01 9.78e-01f 1
7 1.8639214e+01 0.00e+00 1.28e-03 -1.7 9.02e+00 - 1.00e+00 9.37e-01f 1
8 1.8661006e+01 0.00e+00 2.83e-08 -2.5 9.14e-02 - 1.00e+00 1.00e+00f 1
9 1.8666367e+01 0.00e+00 1.50e-09 -3.8 3.67e-02 - 1.00e+00 1.00e+00f 1

iter objective inf pr  inf du lg(mu) |]|d|| 1lg(rg) alpha du alpha pr 1s
10 1.8666663e+01 0.00e+00 1.84e-11 -5.7 2.05e-03 - 1.00e+00 1.00e+00f 1
11 1.8666667e+01 0.00e+00 2.51e-14 -8.6 2.57e-05 - 1.00e+00 1.00e+00f 1

Number of Iterations....: 11

(scaled) (unscaled)

Objective...............: -1.8666666848321928e+01 1.8666666848321928e+01

Dual infeasibility......: 2.5063284780912909%e-14 2.506328478091290%e-14

Constraint violation....: 0.0000000000000000e+00 0.0000000000000000e+00

Complementarity.........: 2.5080611021185267e-09 -2.5080611021185267e-09

Overall NLP error.......: 2.5080611021185267e-09 2.506328478091290%e- 14

Number of objective function evaluations =12

Number of objective gradient evaluations =12

Number of equality constraint evaluations =0

Number of inequality constraint evaluations =12

Number of equality constraint Jacobian evaluations =0

Number of inequality constraint Jacobian evaluations =1

Number of Lagrangian Hessian evaluations =1

Total CPU secs in IPOPT (w/o function evaluations) = 0.001

Total CPU secs in NLP function evaluations = 0.067




EXIT: Optimal Solution Found.

Optimal objective value= 18.666666848321928
x= 2.000000023178471

y= 8.333333412571728

Mpumep 2.3. TpaHcnopTHasA 3aaayva (6e3 ycrnoBusl LLeNoYUCNeHHOCTU peLleHusl):

n o m
2. D azx; — min

i=1j=1
m —

inj = supply;, i=1,n,
j=1

n —

inj = demandj, Jj=1,m,
i=1

xijEO, i=1ln j=1m

# [laHHble 3apaun:

using DataFrames

dataTransportation = DataFrame("RetailStorel" => [10, 16, 18, 30],
"RetailStore2" => [13,11,20,100],
"RetailStore3" => [15,12,17,70],
"RetailStore4" => [14,19,21,50],
"Supply" => [60, 150, 40, 250])

4 rows x 5 columns

RetailStore1 RetailStore2 RetailStore3 RetailStore4 Supply

Int64 Int64 Int64 Int64 Int64
1 10 13 15 14 60
2 16 1 12 19 150
3 18 20 17 21 40
4 30 100 70 50 250
n=3
m=4
A =[10 13 15 14; 16 11 12 19; 18 20 17 21]

costs = A

supply = [60,150,40]
demand = [30,100,70,50]
sum(supply) == sum(demand)

true

using JuMP
using GLPK

model3 = Model(GLPK.Optimizer)
@variable(model3,x[1:n,1:m]>=0)

@variable(model3,y>=0)

@constraint(model3, sum(x[1:3,j] for j in 1:4) .== supply)
@constraint(model3, sum(x[i,1:4] for i in 1:3) .== demand)
@objective(model3, Min, sum(costs.*x))

optimize! (model3)

println(model3)
println(value. (x))

Min 10 x[1,1] + 16 x[2,1] + 18 x[3,1] + 13 x[1,2] + 11 x[2,2] + 20 x[3,2] + 15 x[1,3] + 12 x[2,3] + 17 x[3,3] + 1
4 x[1,4] + 19 x[2,4] + 21 x[3,4]

Subject to

x[1,1] + x[1,2] + x[1,3] + x[1,4] == 60.0
x[2,1] + x[2,2] + x[2,3] + x[2,4] == 150.0
x[3,11 + x[3,2] + x[3,3] + x[3,4] == 40.0
x[1,1] + x[2,1] + x[3,1] == 30.0

x[1,2] + x[2,2] + x[3,2] == 100.0

x[1,3] + x[2,3] + x[3,3] == 70.0

x[1,4] + x[2,4] + x[3,4] == 50.0



x[1,1] >= 0.0
x[2,1] >= 0.0
x[3,1] >= 0.0
x[1,2] >= 0.0
x[2,2] >= 0.0
x[3,2] >= 0.0
x[1,3] >= 0.0
x[2,3] >= 0.0
x[3,3] >= 0.0
x[1,4] >= 0.0
x[2,4] >= 0.0
x[3,4] >= 0.0
y >= 0.0

[30.0 0.0 0.0 30.0; 0.0 100.0 50.0 0.0; 0.0 0.0 20.0 20.0]



Jleknmnga 2. MoaeaupoBanne nu Onrnmusannd B Julia: On-
THMN3allnd NEeJIOYNCJICHHDbIX 1 CMEIIIaHHbIX 3aJa4 JIMHETHOTI' O
MIporpaMMUPOBaHNSI

Hucuyunauna: B1.0.01 Marematndeckime MeTOIbI IPUHSITHSA PEIICHU

Hanpasaenue nodeomosru: 01.04.02 Tlpukiajnas maremaTnka 1 nHGOpMa-
THKA

Hanpasaenrnocmo (npoduas) nodeomosru: Maremarnieckoe MojIeIMPOBAHITE

OcHoBHas 1eJib: HayunThb cTyIeHTOB IPUMEHSATh TaKeThl sI3bIKa IPOrPaM-
mupoBanust Julia jiist penieHust 1MeJ0UNCIeHHBIX U CMEIaHHbIX 38184 JIMHEHHOTO
[IPOI'PaMMUPOBAHUSI.

OcHoBHBIe yMeHUsI U HaBbIKW. [lociie m3ydennsi mMarepuaJia JEKINH U

pasbopa IPUMEPOB CTYIEHTbHI JOJKHbBI YMETh:

L] CbOpMa.HI/ISOBaTb TEKCTOBOEC 3a/aHue B BUJI€ 3aJ1a49 IEeJIOYUCJICHHOI'O JINHEe-

HOI'O TIPOTPaMMUPOBAHUS;

® OIIMCBhbIBaTb MOJECJIN C HNEJIOYUCJICHHBIMU MJIN CMCEIIaHHBIMU II€EPEMCHHBIMU,

NCTIOJIB3Y4 1 9Toro qpyukmuu makera JuMP;

e nosib3oBaThes pemarensvMu GLPK, HiIGHS, SCIP u norumaTth ux ocobeH-

HOCTHU M OI'PaHNYCHUI;
® DellaThb 3aJa41, aHaJJOTNYHbIEC paCCMOTPEHHbIM Ha JIEKIT.

Copepxxxanne Jiekium: Iloctpoenne mojesieil 1 pelreHne ONTUMI3AIMOH-
HBIX 3a/1a4.

IIpumepbl, paccMOTPEeHHbIE Ha JIEKITUN:

L4 3azgaqa O PIOK3akKe.

3a/1aun 11eJIOUNCIEHHOIO JIMHEHHOIO IIPOIPaMMUPOBAHUSI.

3ajia1a 0 BbIOOpE WHBECTUIINIA.

3ajiada 0 Habope nepcoHalia.

Baj1ada 0 OalHAX.

Ba,zLaHa O COCTaBJIECHNHN PacCIIMCaHMd.



Nekuwns 2. MogenuposaHune n Ontummnsauyma B Julia:

OnTMMKU3aUns LEeNoYUCHEHHbIX U CMELLIaHHbIX 3aaa4 NUHENHOro
nporpaMMmpoBaHus

Solvers: GLPK, HiGHS, SCIP

NMpumep 1. 3apaya o prok3ake:

n

th‘xi — max

i=1
n

Z WX, < capacity,

i=1

x; € {0;1}, i=1,n

capacity = 20

using DataFrames

items = [1,2,3,4,5,6,7,8,9,10]

utilitys = [1,4,7,4,2,9,11,4,3,5]

weights = [4,7,3,1,3,8,4,2,3,6]

df = DataFrame(; Items n = items, Utility c = utilitys, Weight w = weights)
show(df)

10x3 DataFrame
Row | Items_n Utility c Weight_w
Int64 Int64 Int64

[

QUOVWoOoONOUTAWNKE
QOVWoOoONOOUTE WN -
VWA HEFONRDNDDRE
OWNRPROWR WY D™

[y
[y

# [locTpoeHne Mopenu u peuweHue:

using GLPK

using JuMP

utilities = [1, 4, 7, 4, 2, 9, 11, 4, 3, 5]
weights = [4, 7, 3, 1, 3, 8, 4, 2, 3, 6]
capacity = 20

knapsack = Model(GLPK.Optimizer)
@variable(knapsack, x[1:10], Bin)
@objective(knapsack, Max, sum(utilities .* x))
@constraint(knapsack, sum(weights .* x) <= capacity)
optimize! (knapsack)

println(knapsack)

println(value. (x))

Max x[1] + 4 x[2] + 7 x[3] + 4 x[4] + 2 x[5] + 9 x[6] + 11 x[7] + 4 x[8] + 3 x[9] + 5 x[10]
Subject to

4 x[1] + 7 x[2] + 3 x[3] + x[4] + 3 x[5] + 8 x[6] + 4 x[7] + 2 x[8] + 3 x[9] + 6 x[10] <= 20.0
x[1] binary

x[2] binary

x[3] binary

x[4] binary

x[5] binary

x[6] binary

x[7]1 binary

x[8] binary




x[9] binary
x[10] binary

[06.0, 0.0, 1.0, 1.0, 0.0, 1.0, 1.0, 1.0, 0.0, 0.0]

Mpumep 2. 3agaya LEeno4YNCIIEHHOro IMHENHOIO
nporpamMmmMunpoBaHuns

using JuMP
using HiGHS

# CpaBHMTE C peweHueMm 3apgaum 2.2 6e3 yCrioBUSA LE0YNCIIEHHOCTU peleHns u3 nekumu 1.
model2 = Model(HiGHS.Optimizer)

@variable(model2,x>=0,Int)
@variable(model2,y>=0,Int)
@constraint(model2, 5*x+6*y <= 60)
@constraint(model2, -5*x+3*y<= 15)
@constraint(model2, 2*x-7*y <= 14)
@constraint(model2, x+2*y >= 2)
@objective(model2, Max, 3*x+y)

print(model2)
optimize! (model2)

println("Termination status: $(termination status(model2))")
if termination status(model2) == MOI.OPTIMAL

println("Optimal objective value= $(objective value(model2))")
println("x= ", round(Int64,value(x)))

println("y= ", round(Int64,value(y)))

else

println("No optimal solution available")

end

max 3x+y
Subjectto x+2y>2.0

Sx+ 6y <60.0
—5x+3y<15.0
2x— Ty < 14.0
x>0.0
y=>0.0
xeZzZ
yeEZ
Termination status: OPTIMAL
Optimal objective value= 31.0
x= 10
y=1
Presolving model
4 rows, 2 cols, 8 nonzeros
4 rows, 2 cols, 8 nonzeros
Objective function is integral with scale 1
Solving MIP model with:
4 rows
2 cols (0 binary, 2 integer, 0 implied int., @ continuous)
8 nonzeros
Solving root node LP relaxation
Nodes | B&B Tree | Objective Bounds | Dynamic Constraints | Wo
rk
Proc. InQueue | Leaves Expl. | BestBound BestSol Gap | Cuts  InLp Confl. | LpIters
Time
0 0 0 0.00% -33.2340426 inf inf 0 0 0 2
0.0s
R 0 0 0 0.00% -31 -31 0.00% 6 1 0 4
0.0s
Solving report
Status Optimal
Primal bound -31
Dual bound -31

Solution status feasible




31 (objective)
(bound viol.)
(int. viol.)
(row viol.)

.02 (total)

.00 (presolve)

.00 (postsolve)

Timing

Nodes

LP iterations (total)
(strong br.)
(separation)

(heuristics)

ONOP~PHOOOOO®O

Mpumep 3. 3agaya o BbIbope MHBECTULNIA:

CoBeT AMPEKTOPOB AOIMKEH NPUHATL peLleHne o Bbibope MHBeCTMLMI. MiImeeTcst n=7 NpOeKTOB, B KOTOPblE MOXHO MHBECTUPOBATb.
CymMMapHbIi 06beM MHBECTULMIA HE [OMKEH NpeBbiwaTh M y.e. [pn NoNoXUTENBHOM peLleHny No NPOEKTY j MUHMMAasbHbI 06bem
VWHBECTULIMI B MPOEKT j paBeH Aone a oT M. Ha MHOXeCTBe MHBECTULIMIA 3a[aHbl YCIOBUS:

Twun vHBecTUUUNA YcnoBusi BnoxeHus

1 -

2 ecnu ecTb MHBeCTULMA B 1

3 €Cnn ecTb UHBECTULUY B 2

4 €Cnun ecTb MHBECTMUMM B 1, U B 2

5 ecnn HeT uHBecTuumin B 1 nunn 2

6 €CIny HET MHBECTULIMIA HW B 2, HW B 3 B NePBbI MPOEKT
7 €eCnn eCTb MHBECTULMY B 2, U HET B 3

M3BecTHbI r; — foxop ot BMOXeHW 1 y.e. B j-1 MPOEKT, ¢i— rKCHpOBaHHbIE pacXoAbl NP BROXeHuUn j. KoMnaHns ctpemMuTcs nony4mTb

MakcuMarbHYO ﬂpl/l6b|]'|b OT BIIOXEHUN. TpeGyeTcn NOCTPOUTb MaTeMaTUHECKY0 MOAESb U HaWTW onTUManbHoe pewleHune.

MaTtemaTtuyeckasa moaernb:

z (V}yj - ijj) — max
j=1

aij <y < Mx]-, j=1,n,

Ax < b,

y/-ZO, x; € {0;1}, j=1,n.

Yj - Benn4mHa WHBECTULMN B i-W NPOEKT,

X, =

{ 1, ecnu eCTh HHBECTHINHN B IIPOCKT /,
=

0, wunHaye

orono-s o =S
L LI | | [ |}
—_
()]
=

]
,0.7,0.2]
110000; -1001000; 0-101000;1100100; 00.50.50010; 0=-1020¢C
1

8-element Vector{Int64}:

HOFRNOOOO®

using JuMP
using HiGHS



model3 = Model(HiGHS.Optimizer)
@variable(model3, x[j=1:7], Bin)
@variable(model3, y[j=1:7] >= 0.0)
@constraint(model3, sum(y[j] for j in 1:7) <= M)
for j = 1:7
@constraint(model3, y[j] <= M * x[j])
@constraint(model3, y[j]l >= (M / 7) * x[j])

end

for i = 1:8

@constraint(model3, sum(A[i,j] * x[j] for j in 1:7) <= b[i])
end

@objective(model3, Max, sum(r[jl*y[j] - c[jl*x[j] for j in 1:7))
# write to file(model3, "model3.l1lp")

# Ecnn He ypaetcs pewnTb 3apgady MMEWWUMUCS pewaTesiiMu, TO MOXHO COXPaHuTb Mopenb B gain. lp
# u pewuntb B 1IO60M [PYroM MOJXOQSLEM HEKOMMEPYECKOM WU KOMMEPYECKOM pelartene.
# Hanpumep, B SCIP https://www.scipopt.org/

#print(model3)
optimize! (model3)

println("Termination status: $(termination_status(model3))")
if termination_status(model3) == MOI.OPTIMAL

println("Optimal objective value= $(objective value(model3))")
println("x= ",value. (x))

println("y= ",value.(y))

else

println("No optimal solution available")

end

Termination status: OPTIMAL

Optimal objective value= 1421.557142857143

x= [1.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0]

y= [28.57142857142857, 28.57142857142857, 142.8571428571429, 0.0, 0.0, 0.0, 0.0]

Presolving model
23 rows, 14 cols, 53 nonzeros
23 rows, 14 cols, 54 nonzeros

Solving MIP model with:
23 rows
14 cols (7 binary, 0 integer, 0 implied int., 7 continuous)
54 nonzeros

( 0.0s) Starting symmetry detection
( 0.0s) No symmetry present

Solving root node LP relaxation

Nodes | B&B Tree | Objective Bounds | Dynamic Constraints | Wo
rk
Proc. InQueue | Leaves Expl. | BestBound BestSol Gap | Cuts  InLp Confl. | LpIters
Time
0 0 0 0.00% -1438.98889 inf inf 0 0 0 7
0.0s
R 0 0 0 0.00% -1432.17143 -1419.9 0.86% 13 1 0 9
0.0s
C 0 0 0 0.00% -1421.55714 -1421.55714 0.00% 18 3 0 10
0.0s
Solving report
Status Optimal
Primal bound -1421.55714286
Dual bound -1421.55714286

Solution status feasible
1421.55714286 (objective)

(bound viol.)

(int. viol.)
.84217094304e-14 (row viol.)
.00 (total)

.00 (presolve)
.00 (postsolve)

Timing

HOOONOO®

Nodes
LP iterations 10 (total)
0 (strong br.)
3 (separation)
0 (heuristics)

Mpumep 4: 3agaya o Habope nepcoHana

PectopaH paboTtaeT 7 gHeli B Hegento. [NoBapa paboTatoT 6 YacoB B AeHb, 5 AHEN nogpsa v 3atem 2 OHA OTAbIXAkT. Y BCEX MOBapoB



OQMHaKOoBadA 3apnnara. anIFOTOBJ'IeHIAe Kaxxgoro 6rroa 3aHuMaeT onpeaerieHHoe BpeMA, U OAnaA KaXXaoro AHA Heaenn yCtaHOBNEeHHO obuyee
HeobXoAMMOE KONMYEeCTBO YacoB A NPUroToBNEHUA NULLN. [aHHble 0 exeqHEBHOM KoNnyecTse pa60qu 4Yacos npueeeHbl B Tabnuue:

HeHb Hepgenn Tpebyemoe KONMYeCTBO YacoB

noHegenbHuk 150

BTOPHUK 200
cpena 400
YeTBEpr 300
naTHULA 700
cy66oTa 800

BOockpeceHbe 300

A,EI,MVIHVICTpaTOpy HY>XHO MPUHATbL pelleHne o Havime noBapoB. Hy)KHO PeLnTb, Kakoe KOnmM4ecTBO NoOBapoB HaHATb, N B KakMe OHU OHU
OOJKHbI pa6OTaTb, 4TOObI CyMMapHble 3aTpaTtbl Ha onnaTty Tpyaa ObINM HAUMEHbLLNMMU. Tpe6yeTca NOCTPOUTb MaTeMaTnU4eCcKkyto moaesb 1
HanTW onTUMarneHoe peweHne.

0O603HauUMm yepes Xj- KONMN4YeCTBO NOBapoOB, KOTOPbIEe Ha NMepByH CMEHY BbIXOOAT HA paGOTy B A€Hb Heaenn ¢ HoMepom j (I'IOHeFleJ'IbHMK -

nepBbIi AeHb).

using JuMP
using HiGHS

[1661111;1100111;111600611;1111060601;1111100;01111106;0011111]

A
b = [150; 200; 400; 300; 700; 800; 300]

7-element Vector{Int64}:
150

200

400

300

700

800

300

model4 = Model(HiGHS.Optimizer)
@variable(model4, x[j=1:7]>=0, Int)

for i = 1:7
@constraint(model4, sum(A[i,j] * x[j] for j in 1:7) >= b[i] / 6)
end

@objective(model4, Min, sum(x[j] for j in 1:7))
# write to file(model4, "model4.lp")

print(model4)
optimize! (model4)

println("Termination status: $(termination_status(model4))")
if termination status(model4) == MOI.OPTIMAL
println("Optimal objective value= $(objective value(model4))")

println("x= ",value.(x))

else

println("No optimal solution available")
end

min  x; +x, +x3+x,+x5+x5+ x5

Subjectto x; +x4+x5+x5+x7>25.0
X+ x5+ x5+ x6+x7 > 33.33333333333333
XXy + x5+ X6+ x, > 66.66666666666666
Xt x, +xy+x,+x,>50.0
Xt X, +xytx, +xs > 116.66666666666666
Xy + X3+ x4+ x5+ x> 133.33333333333331
X3+ x4+ x5+x5+x7>50.0
x;20.0
x,20.0
x320.0
x420.0
x5>0.0
X6 >0.0




x;2>0.0
X, €EZ
X, €Z
X3 €Z
X4 €Z
X;€Z
Xs €Z
x7€Z

Termination status: OPTIMAL
Optimal objective value= 134.0
x= [0.0, 84.0, 0.0, 0.0, 50.0, 0.0, 0.0]

Presolving model

7 rows, 7 cols, 35 nonzeros

7 rows, 7 cols, 35 nonzeros

Objective function is integral with scale 1

Solving MIP model with:
7 rows
7 cols (0 binary, 7 integer, 0 implied int., O continuous)
35 nonzeros

Solving root node LP relaxation

Nodes | B&B Tree | Objective Bounds | Dynamic Constraints | Wo
rk
Proc. InQueue | Leaves Expl. | BestBound BestSol Gap | Cuts  InLp Confl. | LpIters

Time
T 0 0 0 0.00% -inf 134 9999.00% 0 0 0 2
0.0s
Solving report

Status Optimal

Primal bound 134

Dual bound 134

Solution status feasible
134 (objective)
0 (bound viol.)
0 (int. viol.)
0 (row viol.)
Timing 0.00 (total)
0.00 (presolve)
0.00 (postsolve)
Nodes 1
LP iterations 2 (total)
0 (strong br.)
0 (separation)
0 (heuristics)

Mpumep 5: 3agaya o 6aLHAX

MmeeTcs KOHEYHOE MHOXXECTBO KIIMEHTOB i = 1..n U KOHEYHOE MHOXECTBO BO3MOXHbIX MECT j = 1..m, rAe MOXHO pa3mellaTb 6allHM COTOBOW
CB$I3U. VI3BECTHbI PACCTOSIHUS MeXAY KMeHTamu 1 6aluHsMu. Kaxabl KIMeHT npukpennseTcs kK bnukaniiein 6aliHe, ecnv 6nvxanmx
BalleH HecKosbKo, TO K Ntoboi U3 HUX. Hy)KHO pasmecTuTb poBHO p GalleH Tak, YToGbl Nocne NPUKPeneHns KIMEHTOB K BallHAM pasHuua
MeXay MakcuManbHbIM U MUHUManbHLIM YUCITOM KITMEHTOB, 3aKpensieHHbIX 3a 6allHaMu, Gbina MUHUManbHON.

Bsenem nepemeHHbie:

1, ecnu B j-M IMyHKTE pa3meniaeTcs OarHs,
Vi~ 0, wuHauye;

xj—

1, ecrmu KIMeHT i 0OCITy)KMBaeTCs OalIHeH B j-M ITyHKTE,
0, wuHaye

u - MakcMMmarbHOe KONMMYeCTBO KINMEHTOB, 06CNyXMBaeMbIx ogHoM BaluHen,
[ - MUHMMarbHOE KONMYECTBO KIMEHTOB, 06CIYXMBaeMbIX O4HON BalLHeN.
u—1[— min

x; <y, I € {l,..,n}, je{l,....,m},



m
ZJ’j:P:
j=1
m
ZXij =1, ie{l,...,n},
j=1

n
Zx,«j <u, je{l,...,m},
i=1

n

hEZky+M17%LJE{L“”mL

i=1

m

zcit"ilJr(Mi*Cij)ijMi’ i€ f{l,...nf, jEe{l ... .m},
I=1

x; € {0;1}, iedl,...n}, jEe (L, ... .m},
v, €01}, je{l,...om},
u,l€Z, ul=>0,

roe M; = max;c;;, ied{l,... n}.

using JuMP
using HiGHS

n=4
m=3
p=2
c=1[342;156; 27 3; 825]
M = zeros(n)
for i = 1:n
M[i] = maximum(c[i,j] for j in 1:m)
end

modelTower = Model (HiGHS.Optimizer)

@variable(modelTower,x[1:n,1:m],Bin)

@variable(modelTower,y[1l:m],Bin)

@variable(modelTower,u>=0,Int)

@variable(modelTower, 1>=0,Int)

@objective(modelTower, Min,u-1)

for i = 1:n

for j= 1:m

@constraint(modelTower, x[i,jl<=yl[j])

@constraint(modelTower,sum(c[i,1]*x[i,1] for U in 1:m)+ (M[i]l-c[i,j]1)*y[j] <= M[i])

end

@constraint (modelTower,sum(x[i,j] for j in 1:m) == 1)
end

for j =1:m

@constraint (modelTower, sum(x[i,j] for i in 1:n) <= u)
@constraint(modelTower, sum(x[i,j] for i in 1:n) + n*(l-y[j])>= 1)
end

@constraint (modelTower,sum(y[j] for j in 1:m) == p)

optimize! (modelTower)

println("ctaTtyc 3apaun: $(termination status(modelTower))")
if termination status(modelTower) == MOI.OPTIMAL
println("OnTumManbHoe 3HayeHue 3apayn: $(objective value(modelTower))")
for i = 1:n
for j= 1:m
print("x[$i,$j] =
end
println(" ")
end
for j = 1:m
print("y[$j]1 = ", value(y[jl), ", ")
end
else
println("JonyctumMoro peweHus Het")

, value(x[i,jl), ", ")

end

ctatyc 3apaym: OPTIMAL
OnTuManbHoe 3HayeHue 3apgaum: 0.0

x[1,1] = 0.0, x[1,2] = 0.0, x[1,3] = 1.0,
x[2,1] = 0.0, x[2,2] = 1.0, x[2,3] = 0.0,
x[3,1] = 0.0, x[3,2] = 0.0, x[3,3] = 1.0,
x[4,1] = 0.0, x[4,2] = 1.0, x[4,3] = 0.0,




y[1l] = 0.0, y[2] = 1.0, y[3] = 1.0,
Presolving model

35 rows, 17 cols, 116 nonzeros

32 rows, 6 cols, 56 nonzeros

6 rows, 5 cols, 16 nonzeros

0 rows, 0 cols, O nonzeros
Presolve: Optimal

Solving report

Status Optimal

Primal bound 0

Dual bound 0

Solution status feasible
0 (objective)
0 (bound viol.)
0 (int. viol.)
0 (row viol.)

Timing 0.00 (total)
0.00 (presolve)
0.00 (postsolve)

Nodes 0

LP iterations 0 (total)
0 (strong br.)
0 (separation)
0 (heuristics)

3afadva 6. 3agava 0 cocTaBneHUn pacrnmcaHus

MmeeTcsa n paboT 1 ogHa MaluvHa Ans BbIMOMHEHWS 3T paboT. B kaxabii MOMEHT BpeMeHN MOXET BbINOMHATLCA TONbKO ogHa paboTa.
Kaxxpast paboTa BbiNonHsieTcst 6€3 nNpepbiBaHust. 3BeCTHbI CeAyIoLIME LIENOYNCTIEHHbIE BENMUUMHBI: p; — ANUTENBHOCTb BbINOMHEHMS
paboThl j, d;— KpanHuii cpok 3aBepLueHus paboTsbl /, w;= KO3 PULMEHT BakHOCTU paboThl /, j = 1, ..., n. TpebyeTcsa HaWT1 gonycTumoe
pacnucaHve ¢ HauMeHbLUEN B3BELLEHHOW CYMMOW BpeMeH 3aBepLueHnst paboT. TpebyeTcs NocTponTe MaTemMmaTUieCcKyto MOAENb U HalTH
ONTUMarbHOE peLLeHune.

MaTtemaTuyeckasa Mogenb:

1, ecnu paborTa i BEIONHSIETCS paHblIe padOTEHI /,
Yij =

0, wuHaue;

{; — BpeMs 3aBEPUICHH paboTEI /;

yi,j+yj,i:1 maBeex i = l,n, j=1,n, i #j

yj,jZO Ui Beex j = 1, n

t;<t;~p;, ecnu pabota j 3aBepumnack pabiue, Yem pabora i

t; < t;— p;, ecnu paboTa j 3aBepLuMnack Nodxe, Yem pabora i

I'Iocne,que OBa ycnosua nepenviiem B criegyroulem suae:
< ti_Pi+djyi,jv i= I:n,j= I:n, i+
1, < tj_pj+di(1 —yi’j), i= 1,_n, j= 1,_n, i#j
e Z, ;> 0 st Beex j = ljn

Vij € {0, 1} maBeexi=1,n, j=1,n

using JuMP
using HiGHS



4yeMm bosbwe w_j, TeM Bbiwe npuoputeT pabortsl j
[2,5,8,1,9,3,4,8,3,10]
[34,35,22,36,18,20,35,36,39,48]
[4,1,5,2,6,2,3,4,1,8]

T o #

10-element Vector{Int64}:

O WNONURF B

model6 = Model(HiGHS.Optimizer)
@variable(model6, y[i=1l:n,j=1:n]>=0, Bin)
@variable(model6, t[j=1:n]>=0, Int)
for j = 1:n
@constraint(model6, t[j] <= d[j])
@constraint(model6, t[j] >= p[jl)

end
for i = 1:n
for j = 1:n
if i 1= 3
@constraint(model6, y[i,j] + y[j,i] == 1)
@constraint(model6, t[jl<= t[i] - pl[i] + d[jl*y[i,j]1 )
@constraint(model6, tlil<= t[j] - plj] + d[i]* (1-y[i,j1))
else Q@constraint(model6, y[i,i] == 0)
end
end
end

@objective(model6, Min, sum(w[j]*t[j] for j in 1:n))

#print(model6)
optimize! (model6)

Presolving model

180 rows, 55 cols, 540 nonzeros

88 rows, 55 cols, 264 nonzeros

88 rows, 55 cols, 264 nonzeros

Objective function is integral with scale 1

Solving MIP model with:
88 rows
55 cols (45 binary, 10 integer, 0 implied int., O continuous)
264 nonzeros

( 0.0s) Starting symmetry detection
( 0.0s) No symmetry present

Solving root node LP relaxation

Nodes | B&B Tree | Objective Bounds | Dynamic Constraints | Wo
& Proc. InQueue | Leaves Expl. | BestBound BestSol Gap | Cuts  InLp Confl. | LpIters
Time

0 0 0 0.00% 242 inf inf 0 0 0 45
0.0s
L 0 0 0 0.00% 436.2896756 996 56.20% 7113 67 53 711
OLIS 0 0 0 0.00% 436.2896756 921 52.63% 6666 33 53 711
OLZS 101 12 38 54.05% 436.9941533 905 51.71% 4995 122 435 6881
0+45 377 30 147 62.59% 436.9941533 864 49.42% 4935 136 1264 14840
0+75 394 30 154 62.60% 436.9941533 861 49.25% 4937 136 1288 14900
0+75 412 30 161 62.60% 436.9941533 859 49.13% 4939 136 1323 14961
0+7S 415 28 163 62.64%  436.9941533 857 49.01% 4941 136 1336 14963
0L7s 1263 97 507 66.03% 436.9941533 853 48.77% 9599 116 2379 21493
1+05 4997 357 2043 77.28% 559.1248224 851 34.30% 5947 125 7143 50456
2L7s 5454 380 2234 77.41% 563.6915747 849 33.61% 6269 92 7794 54578
2% 15544 789 6698 87.33% 721.1626016 849 15.06% 3317 82 5745 140489

8.0s




Solving report
Status
Primal bound
Dual bound
Solution status

Timing

Nodes
LP iterations

println("cTtaTtyc 3apauu:
if termination status(model6) ==

Optimal

849

849

feasible

849 (objective)

0 (bound viol.)

0 (int. viol.)

0 (row viol.)
11.94 (total)

0.00 (presolve)
0.00 (postsolve)
22053

207004 (total)
10786 (strong br.)
29838 (separation)
12390 (heuristics)

println("OnTuMManbHOe 3HayeHue 3apjayu:

for i = 1:n
for j= 1:n

print("y[$i,$j]1 = ", value(y[i,jI), ", ")

end
println(" ")
end
for j = 1:n
print("t[$j]
end
else

=", value(t[jl), ",

println("JonycTuMoro pewenus HeTt")

end

CTaTyC 3apayu:

OPTIMAL

849.0

$(termination status(model6))")
MOI.OPTIMAL

$(objective value(model6))")

")

OnTuManbHoe 3HayeHue 3apayn:

1.0,

y[1,6]
y[2,6]
y[3,6]
y[4,6]
y[5,61]
y[6,6]
y[7,6]
y[8,6]

y[9,6]

1.

1.

y[1,7]
yl2,7]
y[3,7]
y[4,7]
y[5,7]
y[6,7]
yl7,7]
y[8,7]

y[9,7]

1.0,

= 1.0, y[10,5] = 0.0, y[10,6] = 0.0, y[10,7]

y[1,1] = 0.0, y[1,2] = 0.0, y[1,3] = 0.0, y[1,4] 1.0, y[1,5]
[1,9] = 0.0, y[1,10] = 0.0,
y[2,1] = 1.0, y[2,2] = 0.0, y[2,3] = 1.0, y[2,4] 1.0, y[2,5]
[2,9] = 1.0, y[2,10] = 1.0,
y[3,1] = 1.0, y[3,2] = 0.0, y[3,3] = 0.0, y[3,4] 1.0, y[3,5]
[3,9] = 0.0, y[3,10] = 1.0,
y[4,1] = 0.0, y[4,2] = 0.0, y[4,3] = 0.0, y[4,4] = 0.0, y[4,5]
[4,9] = 0.0, y[4,10] = 0.0,
y[5,1] = 1.0, y[5,2] = 0.0, y[5,3] = 0.0, y[5,4] 1.0, y[5,5]
[5,9] = 0.0, y[5,10] = 1.0,
y[6,1] = 1.0, y[6,2] = 0.0, y[6,3] = 0.0, y[6,4] 1.0, y[6,5]
[6,9] = 0.0, y[6,10] = 1.0,
y[7,1]1 = 1.0, y[7,2] = 0.0, y[7,3] = 0.0, y[7,4] 1.0, y[7,5]
[7 9] = 0.0, y[7,10] = 1.0,
y[8,1] = 1.0, y[8,2] = 0.0, y[8,3] = 1.0, y[8,4] 1.0, yI[8,5]
[8,9] = 0.0, y[8,10] = 1.0,
y[9,1] = 1.0, y[9,2] = 0.0, y[9,3] = 1.0, y[9,4] 1.0, y[9,5]
[9 9] = 0.0, y[9,10] = 1.0,
y[10,1] = 1.0, y[10,2] = 0.0, y[10,3] = 0.0, y[10,4]
= 0.0, y[10,9] = 0. 0 y[ 0,10] = 0.0,
t[1] 34.0, t[2] = 0, t[3] = 11.0, t[4] = 36.0, t[5] =
t[10] = 30.0,
# npumep 3anucu peweHus B ¢ain
outfile = "solution_y t model6.txt"
open(outfile, "w") do f
for i = 1:n
for j= 1:n
printin(f, "y[$i,$j] = ", value(y[i,jl))
end
println(" ")
end
for j = 1:n
println(f, "t[$j] = ", value(t[j]))
end

end

17.0, t[6] =

19.0, t[7]

= 22.0, t[8]

y[1,8] = 0.0,
y[2,8] = 1.0,
y[3,8] = 0.0,
y[4,8] = 0.0,
y[5,8] = 0.0,
y[6,8] = 0.0,
y[7,8] = 0.0,
y[8,8] = 0.0,
y[9,8] = 1.0,
= 0.0, y[10,8]

=6.0, t[9] =

’
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Jlekmma 3. MogeaupoBanue u OnrumMmmsanus B Julia:
IIpoaBuHyTHIIT ypoBeHb: onTUMU3aNNs OMHAPHBLIX 3a1aY; 3a-
Adadum O0JIbINIOl pa3MepHOCTH; UYTeHne 3ada4un u3 daiiia

Hucuyunauna: B1.0.01 Marematndeckime MeTOIbI IPUHSITHSA PEIICHU

Hanpasaenue nodeomosru: 01.04.02 Tlpukiajnas maremaTnka 1 nHGOpMa-
THKA

Hanpasaenrnocmo (npoduas) nodeomosru: Maremarnieckoe MojIeIMPOBAHITE

OcHoBHas 1eJib: HayunThb cTyIeHTOB IPUMEHSATh TaKeThl sI3bIKa IPOrPaM-
mupoBanust Julia jist penieHns HeCTaHAPTHBIX MEJIOUUCTEHHBIX U CMEITaHHbIX
3a/1a4 JIMHEITHOrO IIPOrpaMMUPOBAHUSI.

OcHoBHBIe yMeHUsI U HaBbIKW. [lociie m3ydennsi mMarepuaJia JEKINH U

pasbopa IPUMEPOB CTYIEHTbHI JOJKHbBI YMETh:

e TI0JIyYaTh JaHHbIE O 3aj@ade U3 TeKCTOBOrO pailjia U 3aluchbiBaTh B (aila

pelenue;

® BLIJICJIATH OTJCJ/IbHbIE OI'PaHUYCHUA 3aJa491, UMEHa IIEPEMCHHBIX, ITapaMeET-

pBI 1 KO3(PPUIUEHTBI, UCITOIB3YS JIjId 9Toro dyHkiun naxkera JuMP:

e nosb3oBarbes pemarensivu GLPK, HiGHS, SCIP g pemtenus (dactud-

HOTO PEIeHnst) 3a/1a;

® JICIIOJIb30BaThb 9BPUCTUKHN U pelllaTb 3aJa4, aHaJJOTMYHbIe PaCCMOTPEHHbBIM

Ha JIEKIUMN.

CO,Z[ep}KaHI/Ie JIEKIINM: PaCCManI/IBaIOTCH 3ada4d:

e 3ajiaua 0 BbIOOpE MeCT it pasMeleHns: 6a30BbIX CTaHIui (0COOEHHOCTH
3aJla9u — JIaHHble B aiisie; OoJblasg pasMepHocThb: 151637 OuHapHBIX IIe-

pemennbIxX, 1323337 orpanudenuit; Hajnane KOHMIMKTHOIO MHOYKECTBA).

e Tpancrnoprhas 3a7a4a (0COOEHHOCTH — MMEIOTCsI HECBSI3aAHHBIE ITYHKThI OT-

PpaBKHU U IpUeMa TOBapa; JaHHble YNTaroTCsa 13 daiia).

e 3ajaua o p-mejuane (OOJIBIIIE BHIYUCIUTEIbHBIE CJIOKHOCTH, JIAYKe ITIPH

HEOOJIBITION PA3MEPHOCTH 3a,1a%M )



Nekuwns 3. MogenuposaHune n Ontumnsauyma B Julia:

[MpoABUHYTLIN YPOBEHDL: ONTUMU3aUNS BUHAPHbLIX 3a4ad; 3agaym
OonbLLIOW pasMepHOCTU; YTeHME 3adaun n3 danna

using JuMP
using HiGHS

3apgava 1. O BbIboOpe MecT aAns pasmMelleHns 6a3oBbIX CTaHLNN

(oaHHble B hanne, 151637 BUHapPHbIX NepeMeHHbIX, 1323337
OorpaHU4YeHnn)

Beenem nepemenHble (i € I, j € J), rae I - MHOXECTBO MECT, rie MOXHO pa3aMecTuTb 6a3oBble CTaHUMK, J - obLLee MHOXECTBO KIMEHTOB;
KITMEHT C HOMEpPOM j MOXET GbITb 0BCy)eH 6a30BO CTaHLMEN, €CNk OHa pa3MellieHa B MecTe C HOMEPOM i U3 I, (1, - 3afjaHHble

MHOXeCTBa):

1, ecrm Ga3oBas CTaHIMA pa3MelIeHa B MECTE i,
Vi =

0, wuHauye;

Y

1, ecinu KIHMEHT j 00ECTICUYMBAIOTCS CBA3BIO OT XOTs OBl OJIHOM 0a30BOit CTAHIHH,
0, otherwise.

[MocTaHoBKa 3agayu:

min Zyl.,

iel

Zyiz 1 Vj € H,
ielj

2yizx Vi e J\H,
i€l;

PINEIEYS )
jEJH

i, +yi2 <1 V(i i) €V,
y; € 10,1} Viel,
xje{o,l} VieJNH.

Llenb 3agayun - MUHMMU3UPOBATL KONMUYECTBO (DYHKLMOHUPYIOLLMX 6a30BbIX CTaHUMIA. KNMEHTOB 13 MHOXeCTBa H He06X0AMMO 0bsi3aTerlbHO
obecneuntb cBs3bio. HeobxoammMo obecneunts He MeHee p KITMEHTOB U3 MHOXeCTBa J/ H. 3ajaya ¢ KOH(IUKTHBIM MHOXECTBOM: 3aAaHbl
napbl HOMepPOB 6a30BbIX CTAHLMI, KOTOPbIE HE MOTYT (OYHKLMOHMPOBATbL OAHOBPEMEHHO.

modell = read from file("Probleml.mps") # ¢ann Probleml.mps pacrosioxeH B TEKYWEN OUPEKTOPUMN

A JuMP Model

Minimization problem with:

Variables: 151637

Objective function type: AffExpr

"AffExpr’ -in- MathOptInterface.GreaterThan{Float64} : 1323331 constraints
"AffExpr’-in-"MathOptInterface.LessThan{Float64} : 6 constraints
“VariableRef  -in-"MathOptInterface.Interval{Float64} : 151503 constraints
“VariableRef' -in-"MathOptInterface.ZeroOne': 134 constraints

Model mode: AUTOMATIC

CachingOptimizer state: NO OPTIMIZER

Solver name: No optimizer attached.

# Bolbupaem pewartesnb, ycTaHaBiuBaem onuuu "presolve" (npepBapuTesibHbii pa3bop 3apgayu pewatesneM) U MakCUMaslbHOEe BPen
set optimizer(modell, HiGHS.Optimizer)

set optimizer attribute(modell, "presolve", "on")

set optimizer attribute(modell, "time limit", 100.0)

optimize! (modell)

println("CraTtyc npouecca peweHus: $(termination status(modell))")

-CTaTyc npouecca pewenns: OPTIMAL



Presolving model

23496 rows, 21326 cols, 75980 nonzeros
21193 rows, 21237 cols, 68987 nonzeros
Objective function is integral with scale 1

Solving MIP model with:
21193 rows
21237 cols (65 binary, 0 integer, 0 implied int., 21172 continuous)
68987 nonzeros

( 3.0s) Starting symmetry detection
( 3.1s) No symmetry present

Solving root node LP relaxation

Nodes | B&B Tree | Objective Bounds | Dynamic Constraints | Wo
rk
Proc. InQueue | Leaves Expl. | BestBound BestSol Gap | Cuts  InLp Confl. | LpIters
Time
0 0 0 0.00% 72.91994625 inf inf 0 0 0 22524
19.8s
Solving report
Status Optimal
Primal bound 73
Dual bound 73

Solution status feasible
73 (objective)
0 (bound viol.)
0 (int. viol.)
0 (row viol.)
Timing 36.36 (total)
2.97 (presolve)
0.00 (postsolve)
Nodes 1
LP iterations 23533 (total)
0 (strong br.)
1009 (separation)
0 (heuristics)

# YT00b yBMOETHL HaWOEHHOE peuweHune X, Yy, HYKHO ONpeAesnTb Moh KakuM MMEHEM 3TU repemMeHHsie Obiin 3anucaHbl B MOLEN
# (1.e. B ucxogHom ¢aune "Probleml.mps"). U3 HepaBeHCcTBa (1) MOXHO HaWTU MMEHa COOTBETCTBYKUME MEPEMEHHBIM X.
# Torpga ocTasibHble NepeMeHHsle - 3T0 Y.

# Onpe,ae/meM OorpaHunyeHuns Bunpga 6onbue nam paBHO, cpenun Hux ornpepgesiieM orpaHndyeHne Bupga (1)
# nepemMeHHble, BXOfAWME B OrpaHUu4yeHne (1), - aro nepemMeHHsle X

greater constraints all = all constraints(modell, AffExpr, MOI.GreaterThan{Float64})

E constraints = [c for c in greater_constraints_all if constraint_object(c).set != MOI.GreaterThan(0.0)
&& constraint object(c).set != MOI.GreaterThan(1.0)]

# U3 npaBo# 4acTU 3TOro OrpaHMyeHus 3Haem 3HaqyeHue p:
constraint object(E constraints[1l]).set

MathOptInterface.GreaterThan{Float64}(135621.9)

# OnpepenseM Ha3BaHWUs MNEPEMEHHbIX B 3agade (OHW 3apgaHbl B UCXOOHOM Qaine) :
# Paszpensem MMeHa nepemMeHHblX X My (BCe X BXOAAT B HEPaBEHCTBO C ):

XX = collect(linear terms(constraint object(E constraints[1]).func))
x_ref = Dict{Int64, VariableRef}()

X = Set()

for i = 1:1length(XX)
x_ref[i] = XX[1i][2]
push! (X,x_ref[i])

end

Y = setdiff(all variables(modell),X)
1x = length(X)

ly = length(Y)

# BbiBOLO pelweHnss Ha 3KpaH (T.K. Yy Hac C/MWKOM MHOrO MepeMeHHbIX, BbIBEAEM Ha KPaH 3HaYEHUS TOJIbKO MepPeMeHHbIX Yy, OCi
println("cratyc 3apaun: $(termination status(modell))")
println("HanpeHHoe 3HauyeHue 3apaun: $(objective value(modell))")
println("HaipeHHoe konuyecTBO 6a30BbIX cTaHuun: $(objective value(modell))")
println("KonuyecTtBo KnneHToB, o0b6CnyxmBaemMbix cTaHumamu : $(objective value(modell))")
println("3Havenns y i, i=1..$ly :")
for y in Y
println("$y = ", value(y))



end

#println("3Ha4enns x j, j=1..$lx :")
#for x in X

# println("$x = ", value(x))

#end

cTtatyc 3apaum: OPTIMAL

HavpeHHoe 3HauyeHue 3apaum: 73.0

HavpeHHoe konuyecTBO 6a30BbIX CTaHuuMm: 73.0
KonnuecTBo KIMEHTOB, 0o6CAyXuMBaembix CTaHuuamu : 73.0
3Havenns y i, 1i=1..134 :

C0000000 =

Co000001
C6000002
Co000003
C0000004
C0000005
Co000006
C0000007
Co000008
Co000009
C0000010
Co000011
C6000012
Co000013
C0000014
Co000015
Co000016
C0000017
Co000018
C0000019
C0000020
C6000021
C0000022
C0000023
C0000024
C0000025
C0000026
C0000027
C0000028
C0000029
Co000030
C6000031
C0000032
C0000033
C0000034
C6000035
C0000036
Co000037
C0000038
Co000039
Co000040
C0000041
Co000042
C0000043
Co000044
C0000045
Co000046
Co000047
C0000048
Co000049
C0000050
C0000051
C6000052
Co000053
Co000054
C6000055
Co000056
C6000057
Co000058
Co000059
C0000060
Co000061
C0000062
Co000063
C6000064
Co000065
Co000066
C0000067
Co000068
C6000069
Co000070
C6000071
C0000072
C0000073
C0000074
Co000075
Co000076

[cNcoNoNoNoNoNoNoNoNoNoNoNoNolooNoNoNoNoNoNoNoNol
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C0000077
C0000078
C0000079
C0000080
C0000081
C0000082
C0000083
C0000084
C0000085
C0000086
C0000087
C0000088
C0000089
C0000090
C0000091
C0000092
C0000093
C0000094
C0000095
C0000096
C0000097
C0000098
C0000099
C0000100
Co000101
C0000102
C00001063
C0000104
C0000105
C0000106
C0000107
C0000108
C0000109
C0000110
Co000111
C0000112
Co000113
C0000114
C0000115
Co000116
C0000117
Co000118
C0000119
C0000120
Co000121
C0000122
Co000123
C0000124
Co000125
C0000126
C0000127
Co000128
C0000129
C0000130
C0000131
C0000132
C0000133

PFHRPORRFRHI HRPOHROHOHRHRORHOHO® | OCOHROOOHOHHROOOHOOOOOHRHORHOHOHO® R R

# 3anuce pewerHus B ¢pann

outfile = "solution-modell-HiGHS.txt"
open(outfile, "w") do f
println(f, "3HayeHus y i, i=1..$ly :")
for y in Y
println(f, "$y = ", value(y))
end
println(f, "3HayeHus x j, j=1..$lx :")
for x in X
println(f, "$x = ", value(x))
end
end

3apaya 2. TpaHcnopTHada 3agadva (MMeTCA HeCBA3aHHbIEe MYHKTbI
OTNpaBKu N NpyemMa ToBapa )

using JuMP
import DelimitedFiles
import HiGHS

# ummTauma nosyyeHus OaHHbIX M3 Qanna transp.txt:



open(joinpath(@ DIR , "transp.txt"), "w") do io
print(
io,
. FRA DET LAN WIN STL FRE LAF SUPPLY
GARY 39 14 11 14 16 82 8 1400

CLEV 27 .12 . 26 95 17 2600
PITT 24 14 17 13 28 99 20 2900
DEMAND 900 1200 600 400 1700 1100 1000 0
)
return

end

# [locTaeM paHHble 3 ¢anna transp.txt:

# 0bpaTute BHMMaHue, 4YTO TOo4YKa Ha MecTe (i,j) o3Ha4yaeT, 410 /IMbBO M3 NyHKTa OTMPaBKM 1 He/b3S OOCTaBUTb rpy3 B Myt

# nnbo NMyHKT npuemMa j He MOXET MPUHATb rpy3 OT MyHKTa 1. ITO HYXHO y4YyecCTb Mpu COCTaBIEHUM MOJEIN.
function read data(filename::String)

data = DelimitedFiles.readdlm(filename)

rows, columns = data[2:end, 1], data[l, 2:end]

return Containers.DenseAxisArray(data[2:end, 2:end], rows, columns)

end
data = read_data(joinpath(@_ DIR , "transp.txt"))
2-dimensional DenseAxisArray{Any,2,...} with index sets:

Dimension 1, Any["GARY", "CLEV", "PITT", "DEMAND"]
Dimension 2, Any["FRA", "DET", "LAN", "WIN", "STL", "FRE", "LAF", "SUPPLY"]
And data, a 4x8 Matrix{Any}:

39 14 11 14 16 82 8 1400
27 " 12 o 26 95 17 2600
24 14 17 13 28 99 20 2900
900 1200 600 400 1760 1160 1000 0

function solve transportation_problem(data::Containers.DenseAxisArray)

# Get the set of supplies and demands
0, D = axes(data)
# Drop the SUPPLY and DEMAND nodes from our sets
0, D = setdiff(0, ["DEMAND"]), setdiff(D, ["SUPPLY"])
model = Model(HiGHS.Optimizer)
set silent(model)
@variable(model, x[o in 0, d in D] >= 0)
# Remove arcs with "." cost by fixing them to 0.0.
for o in 0, d in D

if datalo, d] == "."

fix(x[o, d], 0.0; force = true)

end
end
@objective(

model,

Min,

sum(datalo, d] * x[o, d] for o in O, d in D if datalo, d] != "."),
)
@constraint(model, [o in 0], sum(x[o, :]) <= datalo, "SUPPLY"])
@constraint(model, [d in D], sum(x[:, d]) == data["DEMAND", d])
optimize! (model)
# Pretty print the solution in the format of the input

print(" ", join(lpad.(D, 7, ' ")))
for o in 0
print("\n", o)
for d in D
if isapprox(value(x[o, d]), 0.0; atol = le-6)
print(" )
else
print(" ", lpad(value(x[o, d]), 6, " "))
end
end
end
return

end

solve transportation problem (generic function with 1 method)

# Pewaem 3apgady:
solve transportation problem(data)

FRA DET LAN WIN STL FRE LAF
GARY . . . . 300.0 1100.0 .
CLEV . . 600.0 . 1000.0 . 1000.0



-PITT 900.0 1200.0

400.0 400.0

3agada 3: 3agadva o p-meguaHe

3apava o p-mMeanaHe BO3HUKaeT BO MHOIMMX NMPUINOXEeHUaAX, Hanpumep, pasmMmelleHmne I'Ipe,ElI'IpVIﬂTVIVI 6bITOBOrO 060]'Iy)KVIBaHVIFI, CKnagos,

NYHKTOB aBTOCEpPBUCaA Ha Aoporax, KOMMyTaTopoB B Te]'led)OHHOVI ceTn n ap. 3apava o p-MeanaHe NpuHaanexuT Krnaccy NP-pr,EleIX.

Lleﬂb COCTOUT B MOUCKE MECTOMOSOXEHNN p 0ObEKTOB B CETU npu MMHUMM3aunmn 3aTpar. MaTtemaTnyeckas Mogens 3agayn p-MeanaHbl:

[MepemeHHble Mmogenu:

1

Z Zaidijxij — min
j

D=1 Vi,

J

xij*ijO, Vi, j

P
ZJ’j:Pa
j=1

xip v, €401} i=1,n, j=1,p.

1, if demand node i assigned to facility located at /,
Vi~ 0, otherwise;

1, ecnu KJIMEHT i 00CITy)KUBAETCs OAIlIHEH B j-M ITyHKTE,
X; = .
y 0, otherwise.

[aHHble B3ATHI U3 cTaTbu: Satman, Mehmet & Akadal, Emre. (2023). Optimization With Julia. 10.26650/B/SS28ET06.2023.006.11.

using JuMP, GLPK
= 7 # number of
p = 7 # number of

11 12 29 14 34 28
12 22 33 18 34 12

customers
facilities

48;
B2k
50;
32;
35;
17;
11

model = Model(GLPK.Optimizer)
@variable(model, x[1:n, 1:p], Bin)

@objective(model,
for i in 1:n

@constraint(model,

end
for j in 1:p

@constraint(model,

Min, sum(d.*x))

sum(x[i, :]) == 1)

sun(x[:, j1) == 1)

end

optimize! (model)

println("Result: ", termination status(model))
println("Minimum Distance: ", objective value(model))

x_opt = value. (x)
for i in 1:n

j = findfirst(x opt[i, :] .== 1)

println("Customer
end

Result: OPTIMAL

Processing math: 100%

Customer 1 -> Facility 1
Customer 2 -> Facility 6
Customer 3 -> Facility 3
Customer 4 -> Facility 5
Customer 5 -> Facility 4
Customer 6 -> Facility 2
Customer 7 -> Facility 7

$i -> Facility $j")

Minimum Distance: 109.0
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