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Äëÿ ðåøåíèÿ çàäà÷ öåëî÷èñëåííîãî, ñìåøàííîãî è áóëåâà ïðîãðàììèðîâàíèÿ â ñðå-
äå MATLAB ïðèìåíÿåòñÿ ôóíêöèÿ intlinprog. Ðàáîòà áóäåò ïîñâÿùåíà îïèñàíèþ åå
âîçìîæíîñòåé.

Çàìå÷àíèå.Ôóíêöèÿ intlinprog ïðèñóòñòâóåò òîëüêî â íîâåéøèõ âåðñèÿõ MATLAB
(íà÷èíàÿ ñ âåðñèè 2014 ãîäà).

Ôóíêöèÿ intlinprog

Ïóñòü äàíà çàäà÷à ñìåøàííîãî ïðîãðàììèðîâàíèÿ:

fT · x→ inf,

A · x 6 b, (1)

Aeq · x = beq,

lb 6 x 6 ub,

ãäå x � âåêòîð, ó êîòîðîãî íåêîòîðûå êîîðäèíàòû öåëî÷èñëåííû. Äëÿ çàäà÷è öåëî-
÷èñëåííîãî ïðîãðàììèðîâàíèÿ âñå êîîðäèíàòû âåêòîðà x äîëæíû áûòü öåëûìè, à äëÿ
çàäà÷è áóëåâà ïðîãðàììèðîâàíèÿ � äîëæíû ïðèíèìàòü çíà÷åíèÿ 0 èëè 1.

Ðàññìîòðèì ôóíêöèþ intlinprog, ðåøàþùóþ ýòè çàäà÷è. Âõîäíûìè äàííûìè äëÿ
ýòîé ôóíêöèè ÿâëÿþòñÿ:

• âåêòîð êîýôôèöèåíòîâ öåëåâîé ôóíêöèè f ;

• ìàòðèöà îãðàíè÷åíèé-íåðàâåíñòâ A;

• âåêòîð ïðàâûõ ÷àñòåé îãðàíè÷åíèé-íåðàâåíñòâ b;

• ìíîæåñòâî èíäåêñîâ intcon, ïðè êîòîðûõ ïåðåìåííûå ïëàíà x öåëî÷èñëåííû;

• ìàòðèöà îãðàíè÷åíèé-ðàâåíñòâ Aeq;

• âåêòîð ïðàâûõ ÷àñòåé îãðàíè÷åíèé-ðàâåíñòâ beq;

• âåêòîð lb, îãðàíè÷èâàþùèé ïëàí x ñíèçó;

• âåêòîð ub, îãðàíè÷èâàþùèé ïëàí x ñâåðõó.
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Íà âûõîäå ôóíêöèÿ intlinprog âûäàåò îïòèìàëüíûé ïëàí x è ìèíèìàëüíîå çíà÷åíèå
öåëåâîé ôóíêöèè fval.

Ïðèìåð 1. Ðåøèì ñëåäóþùóþ çàäà÷ó ñìåøàííîãî ïðîãðàììèðîâàíèÿ â ñðåäå MATLAB:

f(x) = − 3x1 − 2x2 − x3 → inf,

x1 + x2 + x3 6 7,

4x1 + 2x2 + x3 = 12,

x3 ∈ {0, 1},

x1, x2 > 0.

Ñîîòâåòñòâóþùàÿ ïðîãðàììà (m-ôàéë) áóäåò âûãëÿäåòü òàê:

clear all

close all

clc % óäàëÿþòñÿ âñå òåêóùèå ïåðåìåííûå èç ïàìÿòè MATLAB, çàêðûâàþòñÿ âñå
ãðàôè÷åñêèå îêíà, î÷èùàåòñÿ ýêðàí êîíñîëè
C = [-3 -2 -1]; % âåêòîð êîýôôèöèåíòîâ öåëåâîé ôóíêöèè
A = [1 1 1];% ìàòðèöà îãðàíè÷åíèé-íåðàâåíñòâ, ñòðîêè ìàòðèöû ðàçäåëÿþòñÿ òî÷-
êîé ñ çàïÿòîé (â äàííîì ñëó÷àå ñîñòîèò èç îäíîé ñòðîêè)
b = [7]; % âåêòîð ïðàâûõ ÷àñòåé îãðàíè÷åíèé-íåðàâåíñòâ
Aeq = [4 2 1]; % ìàòðèöà îãðàíè÷åíèé-ðàâåíñòâ (â äàííîì ñëó÷àå ñîñòîèò èç îäíîé
ñòðîêè)
beq = [12]; % âåêòîð ïðàâûõ ÷àñòåé îãðàíè÷åíèé-ðàâåíñòâ
lb = zeros(3,1); % íóëåâîé âåêòîð, îãðàíè÷èâàþùèé ïëàí x ñíèçó
ub = [Inf Inf 1]; % âåêòîð, îãðàíè÷èâàþùèé ïëàí x ñâåðõó (÷èñëî Inf îçíà÷àåò áåñ-
êîíå÷íîñòü)
f = C;

intcon = 3; % öåëî÷èñëåííûé èíäåêñ
[x,fval] = intlinprog(f,intcon,A,b,Aeq,beq,lb,ub);

x

fval

Â ðåçóëüòàòå ðàáîòû ïðîãðàììû ïîëó÷èì:

Optimal solution found.

x =

0

5.5000

1.0000

fval =

-12.0000

Åñëè â çàäà÷å îòñóòñòâóåò êàêîé-òî èç ïàðàìåòðîâ, òî íà åãî ìåñòî íåîáõîäèìî ïî-
ñòàâèòü êâàäðàòíûå ñêîáêè [], çà èñêëþ÷åíèåì ñëó÷àÿ, êîãäà ýòî ïîñëåäíèé ïàðàìåòð â
ñïèñêå. Íàïðèìåð, åñëè íóæíî ðåøèòü çàäà÷ó áåç îãðàíè÷åíèé-ðàâåíñòâ è ñ äâóñòîðîí-
íèìè îãðàíè÷åíèÿìè íà ïåðåìåííûå, òî îïåðàòîð âûçîâà ôóíêöèè intlinprog áóäåò
âûãëÿäåòü òàê:

[x,fval] = intlinprog(f,intcon,A,b,[],[],lb,ub);
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Âõîäíîé ïàðàìåòð intcon ìîæåò áûòü íå òîëüêî ÷èñëîì, íî è ìàññèâîì èëè âåê-
òîðîì. ×òîáû çàäàòü, ê ïðèìåðó, èíäåêñû 1, 2 è 7, ïåðåìåííûå ñ êîòîðûìè áóäóò öå-
ëî÷èñëåííûìè, íóæíî çàïèñàòü â ïðîãðàììó ñòðîêó intcon = [1 2 7];. Åñëè íóæíî
çàäàòü íåñêîëüêî èäóùèõ ïîäðÿä èíäåêñîâ, íàïðèìåð, îò 1 äî 4, òî íàäî çàïèñàòü ñòðîêó
intcon = 1:4;. Äëÿ ðåøåíèÿ çàäà÷è öåëî÷èñëåííîãî ïðîãðàììèðîâàíèÿ îò n ïåðåìåí-
íûõ íåîáõîäèìî çàäàòü çíà÷åíèå intcon êàê ìàññèâ îò 1 äî n.

Ôóíêöèÿ intlinprog òàêæå ñïîñîáíà ðåøàòü çàäà÷è áóëåâà ïðîãðàììèðîâàíèÿ. Äëÿ
ýòîãî íåîáõîäèìî îáúÿâèòü âñå ïåðåìåííûå öåëî÷èñëåííûìè è íàëîæèòü ñâåðõó è ñíèçó
îãðàíè÷åíèÿ, ðàâíûå 0 è 1 ñîîòâåòñòâåííî.

Ïðèìåð 2. Ðåøèì ñëåäóþùóþ çàäà÷ó áóëåâà ïðîãðàììèðîâàíèÿ â ñðåäå MATLAB:

f(x) = − 3x1 − x2 + 5x3 − 3x4 → inf,

x1 − 3x2 − 4x3 + 5x4 6 9,

2x1 − 4x2 6 3,

− 9x3 + x4 6 7,

4x1 + x3 + 2x4 = 6,

x i ∈ {0, 1}, i ∈ 1 : 4.

Ñîîòâåòñòâóþùàÿ ïðîãðàììà áóäåò âûãëÿäåòü òàê:

clear all

close all

clc

C = [-3 -1 5 -3];

A = [1 -3 -4 5;2 -4 0 0;0 0 -9 1];

b = [9 3 7];

Aeq = [4 0 1 2];

beq = [6];

intcon = 1:4;

lb = zeros(4,1);

ub = ones(4,1); % çàäà¼òñÿ âåêòîð äëèíû ÷åòûðå, ñîñòîÿùèé èç åäèíèö
f = C;

[x,fval] = intlinprog(f,intcon,A,b,Aeq,beq,lb,ub);

x

fval

Çàïóñòèâ ïðîãðàììó, ïîëó÷èì ñîîáùåíèå:

Optimal solution found.

x =

1

1

0

1

fval =

-7

MATLAB äëÿ ðåøåíèÿ çàäà÷è öåëî÷èñëåííîãî, ñìåøàííîãî è áóëåâà ïðîãðàììèðî-
âàíèÿ èñïîëüçóåò îñîáóþ ñòðàòåãèþ, êîòîðàÿ áóäåò ïðèâåäåíà íèæå. Åñëè íà êàêîì-òî
øàãå ñòðàòåãèè áûëî íàéäåíî îïòèìàëüíîå ðåøåíèå, òî intlinprog çàâåðøàåò ñâîþ
ðàáîòó.
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Ïðèâåä¼ì ñòðàòåãèþ ðåøåíèÿ çàäà÷è ñìåøàííîãî, öåëî÷èñëåííîãî è áóëåâà ïðî-
ãðàììèðîâàíèÿ.

1. Óìåíüøåíèå ðàçìåðíîñòè çàäà÷è, ÷òîáû îïðåäåëèòü, âûïîëíèìà ëè çàäà÷à èëè
íåò. Òàêæå óìåíüøåíèå ðàçìåðíîñòè óïðîùàåò íàõîæäåíèå ðåøåíèÿ èñõîäíîé çà-
äà÷è.

2. Ðåøåíèå èñõîäíîé çàäà÷è êàê çàäà÷è ëèíåéíîãî ïðîãðàììèðîâàíèÿ1 (íå îáðàùàåì
âíèìàíèÿ íà öåëî÷èñëåííîñòü).

3. Àíàëèç ëèíåéíûõ íåðàâåíñòâ Ax 6 b, ÷òîáû óçíàòü, âûïîëíèìà ëè çàäà÷à, ìîæíî
ëè óáðàòü ëèøíèå îãðàíè÷åíèÿ, ìîæíî ëè óñèëèòü îãðàíè÷åíèÿ è ò.ä.

4. Ãåíåðàöèÿ ñå÷åíèé, òî åñòü äîáàâëåíèå ê çàäà÷å äîïîëíèòåëüíûõ ëèíåéíûõ îãðà-
íè÷åíèé, ÷òîáû ïðèáëèçèòü ðåøåíèå çàäà÷è ê öåëî÷èñëåííîìó. Âñåãî åñòü òðè
íàáîðà ñå÷åíèé: áàçîâûé, ïðîìåæóòî÷íûé è ïðîäâèíóòûé. Ê ïðèìåðó, ìåòîä Ãî-
ìîðè ïðèíàäëåæèò íàáîðó áàçîâûõ ñå÷åíèé.

5. Èñïîëüçîâàíèå ýâðèñòè÷åñêèõ ìåòîäîâ äëÿ íàõîæäåíèÿ ïëàíîâ çàäà÷è. Ýòè ìåòî-
äû áàçèðóþòñÿ íà ðåøåíèè çàäà÷è ëèíåéíîãî ïðîãðàììèðîâàíèÿ, êîòîðîå áûëî
íàéäåíî èç øàãà 2. Åñòü òðè ýâðèñòè÷åñêèõ ìåòîäà: îêðóãëåíèå ðåøåíèÿ çàäà÷è
ËÏ, íàõîæäåíèå ñîñåäíèõ ñ ýòèì ðåøåíèåì ïëàíîâ è ñîâìåùåíèå äâóõ âûøåïåðå-
÷èñëåííûõ ìåòîäîâ.

6. Èñïîëüçîâàíèå ìåòîäà âåòâåé è ãðàíèö. Çíà÷åíèå öåëåâîé ôóíêöèè çàäà÷è ËÏ ÿâ-
ëÿåòñÿ íèæíåé ãðàíèöåé äëÿ öåëåâîé ôóíêöèè èñõîäíîé çàäà÷è. Áåðåòñÿ öåëî÷èñ-
ëåííàÿ ïåðåìåííàÿ xi0 , çíà÷åíèå êîòîðîé â çàäà÷å ËÏ äðîáíîå. Äåëèì èñõîäíóþ
çàäà÷ó íà äâå ïîäçàäà÷è:

(a) xi0 6 bxi0c;
(b) xi0 > bxi0c+ 1.

Äàëåå áåðåòñÿ äðóãàÿ öåëî÷èñëåííàÿ ïåðåìåííàÿ xi1 , çíà÷åíèå êîòîðîé â çàäà÷å
ËÏ äðîáíîå. Òàêèì æå îáðàçîì äåëèì êàæäóþ ïîäçàäà÷ó åùå íà äâå ïîäçàäà÷è.
È òàê äàëåå.

Ýòîò ìåòîä ãàðàíòèðîâàííî âûäàñò ðåøåíèå çàäà÷è èëè ñîîáùèò, ÷òî ïëàíîâ íåò.

Ôóíêöèÿ intlinprog ïîçâîëÿåò çàäàòü íàñòðîéêè ñ ïîìîùüþ ïàðàìåòðà options. Â
÷àñòíîñòè, ìîæíî çàäàòü ìåòîä ðåøåíèÿ çàäà÷è, ìàêñèìàëüíîå ÷èñëî èòåðàöèé è ò.ä.
Ðàññìîòðèì íàèáîëåå ñóùåñòâåííûå îïöèè. Îñòàëüíûå îïöèè ìîæíî íàéòè â MATLAB
Help. ×òîáû îòêðûòü MATLAB Help, íåîáõîäèìî çàïóñòèòü ñàì MATLAB è íàæàòü
êíîïêó ¾Help¿, êîòîðàÿ íàõîäèòñÿ âî âêëàäêå ¾Home¿. Â îòêðûâøåìñÿ îêíå â ñòðî-
êå ïîèñêà íóæíî ââåñòè íàçâàíèå ôóíêöèè èëè êëþ÷åâûå ñëîâà, êîòîðûå îïèñûâàþò
ôóíêöèþ.

Îïöèÿ BranchingRule çàäàåò îäíî èç òðåõ ïðàâèë âûáîðà âåðøèíû â äåðåâå ïîèñêà.

• 'maxpscost' � âûáèðàåòñÿ âåðøèíà, êîòîðàÿ ìàêñèìèçèðóåò íèæíþþ ãðàíèöó
öåëåâîé ôóíêöèè (èñïîëüçóåòñÿ ïî óìîë÷àíèþ).

• 'mostfractional' � âûáèðàåòñÿ âåðøèíà, ÷üÿ äðîáíàÿ ÷àñòü áëèçêà ê 1/2.

1Äàëåå â êà÷åñòâå ñîêðàùåíèÿ áóäåì èñïîëüçîâàòü àááðåâèàòóðó ËÏ.
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• 'maxfun' � âûáèðàåòñÿ âåðøèíà, êîòîðàÿ ìàêñèìèçèðóåò àáñîëþòíîå çíà÷åíèå
öåëåâîé ôóíêöèè.

×òîáû óñòàíîâèòü ïðàâèëî âûáîðà äëÿ ìàêñèìèçàöèè àáñîëþòíîãî çíà÷åíèÿ öåëåâîé
ôóíêöèè, íóæíî íàïèñàòü

options = optimoptions(@intlinprog,'BranchingRule','maxfun');

[x,fval,exitflag] = intlinprog(f,A,b,Aeq,beq,lb,ub,options);

Âûõîäíîé ïàðàìåòð exitflag îòâå÷àåò çà òî, êàê çàâåðøèëîñü ðåøåíèå çàäà÷è. Ïðè-
âåäåì òàáëèöó çíà÷åíèé ýòîãî ïàðàìåòðà.

Çíà÷åíèå exitflag Èíòåðïðåòàöèÿ
Ðàáîòà intlinprog áûëà ïðåæäåâðåìåííî îñòàíîâëåíà

2 (ïðåâûøåíî ìàêñèìàëüíîå âðåìÿ âûïîëíåíèÿ,
ìàêñèìàëüíîå êîëè÷åñòâî ïðîâåðÿåìûõ âåðøèí è ò.ä.).

Áûë íàéäåí öåëî÷èñëåííûé ïëàí.
1 Íàéäåíî ðåøåíèå çàäà÷è.

Ðàáîòà intlinprog áûëà ïðåæäåâðåìåííî îñòàíîâëåíà
0 (ïðåâûøåíî ìàêñèìàëüíîå âðåìÿ âûïîëíåíèÿ,

ìàêñèìàëüíîå êîëè÷åñòâî ïðîâåðÿåìûõ âåðøèí è ò.ä.).
Öåëî÷èñëåííûõ ïëàíîâ íàéäåíî íå áûëî.

-2 Ìíîæåñòâî ïëàíîâ çàäà÷è ïóñòî.
-3 Öåëåâàÿ ôóíêöèÿ íå îãðàíè÷åíà ñíèçó íà ìíîæåñòâå ïëàíîâ.

Òàêæå ìîæíî çàäàòü ìàêñèìàëüíîå êîëè÷åñòâî èòåðàöèé â çàäà÷å ëèíåéíîãî ïðî-
ãðàììèðîâàíèÿ ñ ïîìîùüþ îïöèè LPMaxIter. Ïî óìîë÷àíèþ îíî ðàâíî 3 · 104. ×òîáû
óñòàíîâèòü äîïóñòèìîå ÷èñëî èòåðàöèé ðàâíûì, ê ïðèìåðó, 100, íóæíî íàïèñàòü:

options = optimoptions(@intlinprog,'BranchingRule','maxfun','LPMaxIter',100);

[x,fval,exitflag] = intlinprog(f,A,b,Aeq,beq,lb,ub,options);

Åñëè ïîñëå âûïîëíåíèÿ ñîòîé èòåðàöèè ðåøåíèå íå áóäåò íàéäåíî, òî ïàðàìåòð exitflag
ñòàíåò ðàâíûì 0, è íà ýêðàíå ïîÿâèòñÿ ñîîáùåíèå:

Solver stopped prematurely. No integer feasible point found.

Intlinprog stopped because it exceeded the iteration limit at a node,

options.LPMaxIter = 100 (the selected value).

Òàêæå ìîæíî íàëîæèòü îãðàíè÷åíèÿ íà ìàêñèìàëüíîå êîëè÷åñòâî ïðîâåðÿåìûõ âåð-
øèí (îïöèÿ MaxNodes), íà ìàêñèìàëüíîå êîëè÷åñòâî ïëàíîâ (îïöèÿ MaxNumFeasPoints)
è íà ìàêñèìàëüíîå âðåìÿ âûïîëíåíèÿ (îïöèÿ MaxTime). Ïî óìîë÷àíèþ ñòîÿò ñëåäóþ-
ùèå óñòàíîâêè äëÿ ýòèõ îïöèé: ìàêñèìàëüíîå êîëè÷åñòâî ïðîâåðÿåìûõ âåðøèí ðàâíî
107, ìàêñèìàëüíîå âðåìÿ âûïîëíåíèÿ ðàâíî 7200 ñåêóíäàì, à êîëè÷åñòâî ïëàíîâ íåîãðà-
íè÷åíî. ×òîáû çàäàòü, íàïðèìåð, êîëè÷åñòâî ïðîâåðÿåìûõ âåðøèí ðàâíûì 200, âðåìÿ
âûïîëíåíèÿ � 300 ñåêóíäàì è ìàêñèìàëüíîå êîëè÷åñòâî ïëàíîâ � 10, íóæíî íàïèñàòü
â ïðîãðàììó ñëåäóþùèå ñòðîêè:

options = optimoptions(@intlinprog,'MaxNodes',200,'MaxTime',300,

'MaxNumFeasPoints',10);

[x,fval,exitflag] = intlinprog(f,A,b,Aeq,beq,lb,ub,options);

Åñëè îäèí èç ýòèõ ïàðàìåòðîâ áóäåò ïðåâûøåí, òî ïàðàìåòð exit�ag ñòàíåò ðàâíûì 0,
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è íà ýêðàíå ïîÿâèòñÿ îäíî èç ñîîáùåíèé:

Intlinprog stopped because it reached the maximum number of nodes,

options.MaxNodes = 200 (the selected value).

Intlinprog stopped because it exceeded the time limit,

options.MaxTime = 300 (the selected value).

Intlinprog stopped because it reached the maximum number of feasible points,

options.MaxNumFeasPoints = 10 (the selected value).

Êðîìå òîãî, ìîæíî çàäàòü íàáîð ìåòîäîâ îòñå÷åíèé ñ ïîìîùüþ îïöèè CutGeneration.
Êàæäûé ìåòîä îòñå÷åíèÿ äîáàâëÿåò â èñõîäíóþ çàäà÷ó íåñêîëüêî ëèíåéíûõ îãðàíè÷å-
íèé. Îíè íóæíû äëÿ òîãî, ÷òîáû äîñòè÷ü öåëî÷èñëåííîñòè â òåõ öåëî÷èñëåííûõ ïåðå-
ìåííûõ, êîòîðûå â ðåøåíèè çàäà÷è ËÏ èìåþò äðîáíîå çíà÷åíèå.

Åñòü ÷åòûðå âàðèàíòà îïöèè CutGeneration:

• 'none' � íå çàäàåòñÿ íè îäèí íàáîð, ñå÷åíèÿ íå áóäóò ãåíåðèðîâàòüñÿ;

• 'basic' � çàäàåòñÿ áàçîâûé íàáîð ñå÷åíèé (èñïîëüçóåòñÿ ïî óìîë÷àíèþ);

• 'intermediate' � çàäàåòñÿ ïðîìåæóòî÷íûé íàáîð ñå÷åíèé;

• 'advanced' � çàäàåòñÿ ïðîäâèíóòûé íàáîð ñå÷åíèé.

×òîáû óñòàíîâèòü ïðîäâèíóòûé íàáîð ñå÷åíèé, íóæíî íàïèñàòü

options = optimoptions(@intlinprog,'CutGeneration','advanced');

[x,fval,exitflag] = intlinprog(f,A,b,Aeq,beq,lb,ub,options);

Âûõîäíîé ïàðàìåòð output ñîäåðæèò èíôîðìàöèþ î ïðîöåññå îïòèìèçàöèè, â ÷àñò-
íîñòè, ÷èñëî ïðîâåðåííûõ âåðøèí (numnodes) è ðàçíîñòü ìåæäó âåðõíåé è íèæíåé
ãðàíèöåé öåëåâîé ôóíêöèè (absolutegap). Äðóãèå ïîëÿ ïàðàìåòðà output îïèñàíû â
MATLAB Help. Çàïóñòèì ñ äàííûìè èç ïðèìåðà 2 ñëåäóþùóþ ïðîãðàììó:

options = optimoptions(@intlinprog,'CutGeneration','advanced');

[x,fval,exitflag,output] = intlinprog(f,intcon,A,b,Aeq,beq,lb,ub,options);

exitflag

output.numnodes

output.absolutegap

Íà âûõîäå ïîëó÷èì ñëåäóþùåå ñîîáùåíèå:

exitflag = 1

ans = 0

ans = 0

Ïðèìåð 3. Ðåøèì ñëåäóþùóþ çàäà÷ó öåëî÷èñëåííîãî ïðîãðàììèðîâàíèÿ â ñðåäå MATLAB:

f(x) = 12x1 + 9x2 + 2x3 → inf,

10x1 + 10x2 + 12x3 6 138,

6x1 + 8x2 + 13x3 6 67,

7x1 + 2x2 + 4x3 = 15,

x1, x2, x3 � öåëûå ÷èñëà.

Ñîîòâåòñòâóþùàÿ ïðîãðàììà áóäåò âûãëÿäåòü òàê:
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clear all

close all

clc

C = [12 9 2];

A = [10 10 12;6 8 13];

b = [138 67];

Aeq = [7 2 4];

beq = [15];

f = C;

intcon = 1:3;

options = optimoptions(@intlinprog,'BranchingRule','maxfun');

[x,fval,exitflag] = intlinprog(f,intcon,A,b,Aeq,beq,[],[],options);

x

fval

exitflag

Â ðåçóëüòàòå ðàáîòû ïðîãðàììû ïîëó÷èì:

Intlinprog stopped because the root LP problem is unbounded.

x =

[]

fval =

[]

exitflag =

-3

Öåëåâàÿ ôóíêöèÿ íå îãðàíè÷åíà ñíèçó íà ìíîæåñòâå ïëàíîâ.

Ïðèìåð 4. Ðåøèì ñëåäóþùóþ çàäà÷ó ñìåøàííîãî ïðîãðàììèðîâàíèÿ â ñðåäå MATLAB:

f(x) = 8x1 + x2 → inf,

x1 + 2x2 > − 14,

− 4x1 − x2 6 − 33,

2x1 + x2 6 20,

x2 � öåëîå ÷èñëî.

Ñîîòâåòñòâóþùàÿ ïðîãðàììà áóäåò âûãëÿäåòü òàê:

clear all

close all

clc

C = [8 1];

intcon = 2;

A = [-1 -2;-4 -1;2 1];

b = [14;-33;20];

f = C;

[x,fval,exitflag] = intlinprog(f,intcon,A,b);

x

fval

exitflag

Â ðåçóëüòàòå ðàáîòû ïðîãðàììû ïîëó÷èì:
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Optimal solution found.

x =

6.5000

7.0000

fval =

59.0000

exitflag =

1

Íàéäåíî ðåøåíèå çàäà÷è.

Ïðèìåð 5. Ðåøèì ñëåäóþùóþ çàäà÷ó ñìåøàííîãî ïðîãðàììèðîâàíèÿ â ñðåäå MATLAB:

f(x) = 12x1 + 17x2 + 9x3 → inf,

− 2x1 + 11x2 + 5x3 6 − 5,

4x1 − 10x2 + 13x3 6 9,

x1, x3 ∈ {0, 1},

x2 > 0.

Ñîîòâåòñòâóþùàÿ ïðîãðàììà áóäåò âûãëÿäåòü òàê:

clear all

close all

clc

C = [12 17 9];

A = [-2 11 5;4 -10 13];

b = [-5 9];

intcon = [1 3];

lb = zeros(3,1);

ub = [1 Inf 1];

f = C;

[x,fval,exitflag] = intlinprog(f,intcon,A,b,[],[],lb,ub);

x

fval

exitflag

Â ðåçóëüòàòå ðàáîòû ïðîãðàììû ïîëó÷èì:

Intlinprog stopped because no point satisfies the constraints.

x =

[]

fval =

[]

exitflag =

-2

Ìíîæåñòâî ïëàíîâ ýòîé çàäà÷è ïóñòî.
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