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https://www.youtube.com/watch?v=f5GxvgyHznM
https://www.youtube.com/watch?v=STZcKijmCtE
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https://www.youtube.com/watch?v=3dUhSwTPXao
https://www.youtube.com/watch?v=1xn2lFAES54


•

•
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https://habr.com/ru/companies/lanit/articles/552732/
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https://www.youtube.com/watch?v=8YWAt9BCBkg


𝑦 = 𝑓 𝑥 = 𝑓 𝑥1, … , 𝑥𝑛

y ~ 𝑓 𝑥1, … 𝑥𝑛

𝑦 1 , … , 𝑦 𝑚 𝑥 1 , 𝑥 2 , … , 𝑥 𝑚
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𝑡
𝑇 −𝑝 𝑇−𝑝+1 𝑇−2 𝑇−1 𝑇 𝑇+1 𝑇+𝜏

𝑦(𝑡) 313 100 442 300 657 000 92 900 𝑦 𝑇 𝑦 𝑇 + 1 𝑦 𝑇 + 𝜏

𝑦 𝑡 ~ 𝑓 𝑦 𝑡 − 1 , 𝑦 𝑡 − 2 ,…

𝑦 𝑡 ~ 𝑓 𝑥1, … , 𝑥𝑚 ,

𝑥𝑖
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𝑿

𝑭 𝑿

150 2,1 𝑥1

110 260 2,4 𝑥2

𝑥1 𝑥2
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𝐹 𝑥1, 𝑥2 = 2,1𝑥1 + 2,4𝑥2 → max

𝑥1 + 𝑥2 ≤ 500
150 ≤ 𝑥1

110 ≤ 𝑥2 ≤ 260
𝑥1 ≥ 0, 𝑥2 ≥ 0

•

•

•
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𝐹𝑖(𝑋)

a ≤ 𝑥 ≤ b

mj ≤ 𝑥𝑗 ≤ Mj, j = 1, 𝑁

21



22



23



24



25

https://commons.apache.org/proper/commons-math/
https://github.com/apache/commons-math/
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Время перемножения матриц

(меньше – лучше)

Скорость инвертирования матрицы от размера

(больше – лучше)
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https://a.co/2QVEBM2
https://www.ojalgo.org/2022/02/java-matrix-benchmark/
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https://haifengl.github.io/
https://github.com/haifengl/smile


31



32



33



34

https://xgboost.ai/
https://github.com/dmlc/xgboost
https://xgboost.readthedocs.io/en/stable/jvm/java_intro.html
https://dl.acm.org/doi/pdf/10.1145/2939672.2939785
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private void init(DMatrix[] cacheMats) throws XGBoostError {
long[] handles = null;
if (cacheMats != null) {

handles = dmatrixsToHandles(cacheMats);
}
long[] out = new long[1];
XGBoostJNI.checkCall(XGBoostJNI.XGBoosterCreate(handles, out));

handle = out[0];
}

@Override
protected void finalize() throws Throwable {

super.finalize();
dispose();

}

public synchronized void dispose() {
if (handle != 0L) {

XGBoostJNI.XGBoosterFree(handle);
handle = 0;

}
}
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dispose()

Booster, DMatrix, QuantileDMatrix

List<SortedMap<String /* имя колонки */, Double>> xTrain;
List<Double> yTrain;
...
// вытянем предикторы (входы) в плоский массив
DMatrix train = new DMatrix(xToFloatArray(xTrain), xTrain.size(), featureCount, 0.0f);
// зададим разметку (желаемые выходы)
train.setLabel(yToFloatArray(yTrain));

Booster booster = XGBoost.train(train, ...);
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https://www.youtube.com/watch?v=DVTeZdtuHS0
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𝐷

𝑀

𝐶𝑖 𝑖

𝑟
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𝑥𝑖𝑗 = ቊ
1, если 𝑖 − й объект обслуживается в 𝑗 − й день горизонта,

0 иначе.

𝑋 =

1 0 0 0 ⋯ 0 0
0 0 1 0 ⋯ 0 0
⋮ ⋮ ⋮ ⋮ ⋱ ⋮ ⋮
0 0 0 0 ⋯ 1 0

𝑀
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𝑘

𝐶𝑜𝑠𝑡𝑖 𝑋 += 𝐶𝑜𝑠𝑡𝑖 𝑋 + 𝐶𝑜𝑠𝑡𝑖
𝑃𝑒𝑛𝑎𝑙𝑡𝑦𝑘 𝑋

𝐶𝑜𝑠𝑡 𝑋 =

𝑖=1

𝑀

𝐶𝑜𝑠𝑡𝑖 𝑋 → min,

𝐶𝑜𝑠𝑡𝑖 𝑋 = 𝐶𝑜𝑠𝑡𝑖
𝑠𝑒𝑟𝑣 𝑋 + 𝐶𝑜𝑠𝑡𝑖

𝑓𝑢𝑛𝑑
𝑋
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// константы подбираются опытным путём
private static final int MAX_ITERATIONS = 1000;
private static final double INITIAL_TEMPERATURE = 1000;
private static final double DECREASE_FACTOR = 1 - 10. / MAX_ITERATIONS;

public Solution minimize() {
double temperature = INITIAL_TEMPERATURE;
Solution currentSolution = buildInitialSolution();
double currentCost = calculateCost(currentSolution);

for (int i = 0; i < MAX_ITERATIONS; i++) {
temperature = temperature * DECREASE_FACTOR;

Solution newSolution = mutate(currentSolution);
double newCost = calculateCost(newSolution);

if (newCost < currentCost
|| (new Random()).nextDouble() < Math.exp(-(newCost - currentCost) / temperature)) {

currentSolution = newSolution;
currentCost = newCost;

}
}
return currentSolution;

}
43



// константы подбираются опытным путём
private static final int MAX_ITERATIONS = 1000;
private static final double INITIAL_TEMPERATURE = 1000;
private static final double DECREASE_FACTOR = 1 - 10. / MAX_ITERATIONS;

public Solution minimize() {
double temperature = INITIAL_TEMPERATURE;
Solution currentSolution = buildInitialSolution();
double currentCost = calculateCost(currentSolution);

for (int i = 0; i < MAX_ITERATIONS; i++) {
temperature = temperature * DECREASE_FACTOR;

Solution newSolution = mutate(currentSolution);
double newCost = calculateCost(newSolution);

if (newCost < currentCost
|| (new Random()).nextDouble() < Math.exp(-(newCost - currentCost) / temperature)) {

currentSolution = newSolution;
currentCost = newCost;

}
}
return currentSolution;

}
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// константы подбираются опытным путём
private static final int MAX_ITERATIONS = 1000;
private static final double INITIAL_TEMPERATURE = 1000;
private static final double DECREASE_FACTOR = 1 - 10. / MAX_ITERATIONS;

public Solution minimize() {
double temperature = INITIAL_TEMPERATURE;
Solution currentSolution = buildInitialSolution();
double currentCost = calculateCost(currentSolution);

for (int i = 0; i < MAX_ITERATIONS; i++) {
temperature = temperature * DECREASE_FACTOR;

Solution newSolution = mutate(currentSolution);
double newCost = calculateCost(newSolution);

if (newCost < currentCost
|| (new Random()).nextDouble() < Math.exp(-(newCost - currentCost) / temperature)) {

currentSolution = newSolution;
currentCost = newCost;

}
}
return currentSolution;

}

рассчитываем новую стоимость
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// константы подбираются опытным путём
private static final int MAX_ITERATIONS = 1000;
private static final double INITIAL_TEMPERATURE = 1000;
private static final double DECREASE_FACTOR = 1 - 10. / MAX_ITERATIONS;

public Solution minimize() {
double temperature = INITIAL_TEMPERATURE;
Solution currentSolution = buildInitialSolution();
double currentCost = calculateCost(currentSolution);

for (int i = 0; i < MAX_ITERATIONS; i++) {
temperature = temperature * DECREASE_FACTOR;

Solution newSolution = mutate(currentSolution);
double newCost = calculateCost(newSolution);

if (newCost < currentCost
|| (new Random()).nextDouble() < Math.exp(-(newCost - currentCost) / temperature)) {

currentSolution = newSolution;
currentCost = newCost;

}
}
return currentSolution;

}
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// константы подбираются опытным путём
private static final int MAX_ITERATIONS = 1000;
private static final double INITIAL_TEMPERATURE = 1000;
private static final double DECREASE_FACTOR = 1 - 10. / MAX_ITERATIONS;

public Solution minimize() {
double temperature = INITIAL_TEMPERATURE;
Solution currentSolution = buildInitialSolution();
double currentCost = calculateCost(currentSolution);

for (int i = 0; i < MAX_ITERATIONS; i++) {
temperature = temperature * DECREASE_FACTOR;

Solution newSolution = mutate(currentSolution);
double newCost = calculateCost(newSolution);

if (newCost < currentCost
|| (new Random()).nextDouble() < Math.exp(-(newCost - currentCost) / temperature)) {

currentSolution = newSolution;
currentCost = newCost;

}
}
return currentSolution;

}
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𝑑1 𝑚1 𝑀1 𝑝1 𝑟1

𝑑2 𝑚2 𝑀2 𝑝2 𝑟2

𝑑𝑁 𝑚𝑁 𝑀𝑁 𝑝𝑁 𝑟𝑁

𝐶

𝑥𝑗 𝑑𝑗

𝑥𝑗 ≥ 0

0 ≤ 𝑟𝑗 ≤ 1 𝑟1 +⋯+ 𝑟𝑁 = 1

53



𝑑1𝑝1𝑥1 +⋯+ 𝑑𝑁𝑝𝑁𝑥𝑁 ≥ 𝐶

𝑚𝑗 ≤ 𝑝𝑗𝑥𝑗 ≤ 𝑀𝑗

𝑙

𝑑𝑗𝑝𝑗 𝑥𝑗 − 𝑙 ≤ 𝐶𝑗𝑟𝑗 ≤ 𝑑𝑗𝑝𝑗 𝑥𝑗 + 𝑙

54

𝐹 𝑥1, … , 𝑥𝑁 = 𝑑1𝑝1𝑥1 +⋯+ 𝑑𝑁𝑝𝑁𝑥𝑁 → min



𝑁

4𝑁 + 1
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https://www.ojalgo.org/
https://github.com/optimatika/ojAlgo


•

•

•
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@AllArgsConstructor
public class LayoutOptimizer {

@AllArgsConstructor
static class DenominationDto {

. . .
}

long amount; // сумма, которую нужно разложить

List<DenominationDto> denominations;

int packAllowedRange; // ширина коридора

public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

// TODO рассчитать и вернуть раскладку
}

}
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@AllArgsConstructor
class DenominationDto {

int denomination; // номинал
int minNotes; // минимальное число купюр
int maxNotes; // максимальное число купюр
int packSize; // объём упаковки
double ratio; // доля номинала

}

𝑑1 𝑚1 𝑀1 𝑝1 𝑟1

𝑑2 𝑚2 𝑀2 𝑝2 𝑟2

𝑑𝑁 𝑚𝑁 𝑀𝑁 𝑝𝑁 𝑟𝑁
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

ExpressionsBasedModel model = new ExpressionsBasedModel();

// если расчёт затягивается, нас устроит субоптимальное решение
model.options.time_suffice = CalendarDateUnit.MINUTE.toDurationInMillis();
model.options.iterations_suffice = 1000;

// набрать не меньше требуемой суммы
Expression amountLowerConstraint = model.addExpression("Amount")

.lower(amount); 

...
}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

...
Map<Integer /*номинал*/, Variable /*переменная ojAlgo*/> denominationToVariable = new HashMap<>();

for (DenominationDto dto : denominations) {
Variable variable = model.addVariable("X_" + dto.denomination)

// вес в целевой функции
.weight((long) dto.denomination * dto.packSize)
.integer(); // целочисленная переменная

denominationToVariable.put(dto.denomination, variable);

// вес в ограничении на сумму такой же
amountLowerConstraint.set(variable, (long) dto.denomination * dto.packSize);

model.addExpression("NoteCount_" + dto.denomination)
.set(variable, dto.packSize)                                                                                                                    
.lower(dto.minNotes).upper(dto.maxNotes);

model.addExpression("Ratio_" + dto.denomination)
.set(variable, (long) dto.packSize * dto.denomination)
.lower(dto.ratio * amount - packAllowedRange * dto.packSize * dto.denomination)
.upper(dto.ratio * amount + packAllowedRange * dto.packSize * dto.denomination);

}

...
}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

...
Map<Integer /*номинал*/, Variable /*переменная ojAlgo*/> denominationToVariable = new HashMap<>();

for (DenominationDto dto : denominations) {
Variable variable = model.addVariable("X_" + dto.denomination)

// вес в целевой функции
.weight((long) dto.denomination * dto.packSize)
.integer(); // целочисленная переменная

denominationToVariable.put(dto.denomination, variable);

// вес в ограничении на сумму такой же
amountLowerConstraint.set(variable, (long) dto.denomination * dto.packSize);

model.addExpression("NoteCount_" + dto.denomination)
.set(variable, dto.packSize)                                                                                                                    
.lower(dto.minNotes).upper(dto.maxNotes);

model.addExpression("Ratio_" + dto.denomination)
.set(variable, (long) dto.packSize * dto.denomination)
.lower(dto.ratio * amount - packAllowedRange * dto.packSize * dto.denomination)
.upper(dto.ratio * amount + packAllowedRange * dto.packSize * dto.denomination);

}

...
}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

...
Map<Integer /*номинал*/, Variable /*переменная ojAlgo*/> denominationToVariable = new HashMap<>();

for (DenominationDto dto : denominations) {
Variable variable = model.addVariable("X_" + dto.denomination)

// вес в целевой функции
.weight((long) dto.denomination * dto.packSize)
.integer(); // целочисленная переменная

denominationToVariable.put(dto.denomination, variable);

// вес в ограничении на сумму такой же
amountLowerConstraint.set(variable, (long) dto.denomination * dto.packSize);

model.addExpression("NoteCount_" + dto.denomination)
.set(variable, dto.packSize)
.lower(dto.minNotes).upper(dto.maxNotes);

model.addExpression("Ratio_" + dto.denomination)
.set(variable, (long) dto.packSize * dto.denomination)
.lower(dto.ratio * amount - packAllowedRange * dto.packSize * dto.denomination)
.upper(dto.ratio * amount + packAllowedRange * dto.packSize * dto.denomination);

}

...
}

63



public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

...
Map<Integer /*номинал*/, Variable /*переменная ojAlgo*/> denominationToVariable = new HashMap<>();

for (DenominationDto dto : denominations) {
Variable variable = model.addVariable("X_" + dto.denomination)

// вес в целевой функции
.weight((long) dto.denomination * dto.packSize)
.integer(); // целочисленная переменная

denominationToVariable.put(dto.denomination, variable);

// вес в ограничении на сумму такой же
amountLowerConstraint.set(variable, (long) dto.denomination * dto.packSize);

model.addExpression("NoteCount_" + dto.denomination)
.set(variable, dto.packSize)                                                                                                                    
.lower(dto.minNotes).upper(dto.maxNotes);

model.addExpression("Ratio_" + dto.denomination)
.set(variable, (long) dto.packSize * dto.denomination)
.lower(dto.ratio * amount - packAllowedRange * dto.packSize * dto.denomination)
.upper(dto.ratio * amount + packAllowedRange * dto.packSize * dto.denomination);

}

...
}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {

...
Map<Integer /*номинал*/, Variable /*переменная ojAlgo*/> denominationToVariable = new HashMap<>();

for (DenominationDto dto : denominations) {
Variable variable = model.addVariable("X_" + dto.denomination)

// вес в целевой функции
.weight((long) dto.denomination * dto.packSize)
.integer(); // целочисленная переменная

denominationToVariable.put(dto.denomination, variable);

// вес в ограничении на сумму такой же
amountLowerConstraint.set(variable, (long) dto.denomination * dto.packSize);

model.addExpression("NoteCount_" + dto.denomination)
.set(variable, dto.packSize)
.lower(dto.minNotes).upper(dto.maxNotes);

model.addExpression("Ratio_" + dto.denomination)
.set(variable, (long) dto.packSize * dto.denomination)
.lower(dto.ratio * amount - packAllowedRange * dto.packSize * dto.denomination)
.upper(dto.ratio * amount + packAllowedRange * dto.packSize * dto.denomination);

}

...
}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {
...

Optimisation.State state = model.minimise().getState();

if (state != INFEASIBLE) {
Map<Integer, Integer> result = new HashMap<>();

for (DenominationDto dto : denominations) {
int packCount = denominationToVariable.get(dto.denomination)

.getValue() // BigDecimal

.setScale(0, RoundingMode.HALF_UP)

.intValue();

result.put(dto.denomination, packCount * dto.packSize);
}

return result;
} else {

...
}

}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {
...

Optimisation.State state = model.minimise().getState();

if (state != INFEASIBLE) {
Map<Integer, Integer> result = new HashMap<>();

for (DenominationDto dto : denominations) {
int packCount = denominationToVariable.get(dto.denomination)

.getValue() // BigDecimal

.setScale(0, RoundingMode.HALF_UP)

.intValue();

result.put(dto.denomination, packCount * dto.packSize);
}

return result;
} else {

...
}

}
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public Map<Integer /*номинал*/, Integer /*число купюр*/> getLayout() {
...

Optimisation.State state = model.minimise().getState();

if (state != INFEASIBLE) {
Map<Integer, Integer> result = new HashMap<>();

for (DenominationDto dto : denominations) {
int packCount = denominationToVariable.get(dto.denomination)

.getValue() // BigDecimal

.setScale(0, RoundingMode.HALF_UP)

.intValue();

result.put(dto.denomination, packCount * dto.packSize);
}

return result;
} else {

...
}

}
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@Test
public void test() {

List<LayoutOptimizer.DenominationDto> denominations = new ArrayList<>();

denominations.add(new LayoutOptimizer.DenominationDto(100, 200, 2000, 100, 0.02));
denominations.add(new LayoutOptimizer.DenominationDto(500, 200, 2000, 100, 0.03));
denominations.add(new LayoutOptimizer.DenominationDto(1000, 200, 2000, 100, 0.05));
denominations.add(new LayoutOptimizer.DenominationDto(5000, 200, 2000, 100, 0.9));

Map<Integer, Integer> layout = new LayoutOptimizer(1500000L, denominations, 2).getLayout();
assertNotNull(layout);
System.out.println(layout); // 100 - 200 купюр, 500 - 200 купюр, 1000 - 200 купюр, 5000 - 300 купюр
// Полученная сумма 20000 (1,1%) + 100000 (5,5%) + 200000 (11%) + 1500000 (82,4%) = 1820000.

}
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