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Äâå ôîðìóëèðîâêè çàäà÷è
Î äâóõ ôîðìóëèðîâêàõ çàäà÷è êîììèâîÿæåðà

Çàäà÷à êîììèâîÿæåðà ñîñòîèò â íàõîæäåíèè êðàò÷àéøåãî
ìàðøðóòà (öèêëà), ïðîõîäÿùåãî ÷åðåç n ãîðîäîâ (âåðøèí),
ðàññòîÿíèÿ ìåæäó êîòîðûìè dij ≥ 0, i, j = 1, ..., n, i 6= j.

Îíà ìîæåò áûòü ñôîðìóëèðîâàíà êàê çàäà÷à ñìåøàííîãî
áóëåâîãî ëèíåéíîãî ïðîãðàììèðîâàíèÿ ñ ïîëèíîìèàëüíûì
îò n êîëè÷åñòâîì îãðàíè÷åíèé. Òàêèõ ôîðìóëèðîâîê
ìíîãî, íî öåíòðàëüíûå èç íèõ âñåãî äâå.
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Äâå ôîðìóëèðîâêè çàäà÷è
Î ïåðâîé ôîðìóëèðîâêå çàäà÷è êîììèâîÿæåðà

Ïåðâàÿ ôîðìóëèðîâêà [1, ñòð. 45] èñïîëüçóåò îãðàíè÷åíèÿ,
êîòîðûå ïðåäëîæåíû â [2] äëÿ òîãî, ÷òîáû ìàðøðóò,
ïðîõîäÿùèé ÷åðåç n âåðøèí, áûë ñâÿçíûì.

1. Ãàìåöêèé À.Ô., Ñîëîìîí Ä.È. Èññëåäîâàíèå îïåðàöèé.
Òîì II. � Êèøèíýó, Ýâðèêà, 2008. � 592 ñ.
2. Miller C.E., Tucker A.W., Zemlin R.A. Integer programming
formulation of travelling salesman problem. � J. ACM, 1960, 3,
P. 326-329.
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Äâå ôîðìóëèðîâêè çàäà÷è
Î âòîðîé ôîðìóëèðîâêå çàäà÷è êîììèâîÿæåðà

Âî âòîðîé, êîòîðóþ ðàññìîòðèì íèæå, çà ñâÿçíîñòü
ìàðøðóòà îòâå÷àþò îãðàíè÷åíèÿ, ïðåäëîæåííûå â [3].

Çäåñü èñïîëüçóþòñÿ äâå ãðóïïû ïåðåìåííûõ:
áóëåâà ïåðåìåííàÿ xij ðàâíà åäèíèöå, åñëè â öèêë âõîäèò
äóãà (i, j), è ðàâíà íóëþ â ïðîòèâíîì ñëó÷àå;
íåîòðèöàòåëüíàÿ ïåðåìåííàÿ zij çàäàåò âåëè÷èíó ïîòîêà
íåêîòîðîãî ïðîäóêòà îò âåðøèíû i ê âåðøèíå j.

3. Gavish B., Graves S.C. The travelling salesman problem and
related problems. � Working Paper OR-078-78, 1978. � Operations
Research Center, MIT, Cambridge, MA.
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Âòîðàÿ ôîðìóëèðîâêà
Âòîðàÿ ôîðìóëèðîâêà çàäà÷è êîììèâîÿæåðà

d∗ = min
xij∈{0,1},zij≥0

{
n∑

i=1

n∑
j=1,j 6=i

dijxij

}
, (1)

n∑
j=1,j 6=i

xji = 1,
n∑

j=1,j 6=i

xij = 1, i = 1, . . . , n, (2)

zij − (n− 1)xij ≤ 0, i, j = 1, ..., n, i 6= j, (3)

n∑
i=1

z1i = (n− 1), (4)

n∑
j=1,j 6=i

zji −
n∑

j=1,j 6=i

zij = 1, i = 2, . . . , n. (5)
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Âòîðàÿ ôîðìóëèðîâêà
Î çàäà÷å (1)�(5)

Cîäåðæèò 2n(n− 1) ïåðåìåííûõ è n(n + 2) îãðàíè÷åíèé.
îãðàíè÷åíèÿ (2): n + n

n∑
j=1,j 6=i

xji = 1,
n∑

j=1,j 6=i

xij = 1, i = 1, . . . , n, (2)

îïèñûâàþò îäíîêðàòíûé âõîä (âûõîä) äëÿ âåðøèíû;

Îíè åñòü îãðàíè÷åíèÿìè çàäà÷è î íàçíà÷åíèÿõ.

Ïðîáëåìà:
äîïóñòèìûå ðåøåíèÿ äëÿ íèõ ìîãóò ñîäåðæàòü ïîäöèêëû.
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Âòîðàÿ ôîðìóëèðîâêà
Äâà äîïóñòèìûõ ðåøåíèÿ äëÿ n = 4

1 2

34

1 2

34

Ñâÿçíûé öèêë (ñëåâà), íåñâÿçíûå ïîäöèêëû (ñïðàâà)
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Âòîðàÿ ôîðìóëèðîâêà
Ñâÿçíîñòü öèêëà îáåñïå÷èâàþò

îãðàíè÷åíèÿ (3)�(5): n(n− 1) + 1 + (n− 1)

zij − (n− 1)xij ≤ 0, i, j = 1, ..., n, i 6= j, (3)

n∑
i=1

z1i = (n− 1), (4)

n∑
j=1,j 6=i

zji −
n∑

j=1,j 6=i

zij = 1, i = 2, . . . , n. (5)

Îãðàíè÷åíèÿ (3)�(5) îçíà÷àþò, ÷òî èç âåðøèíû ½1“
íåîáõîäèìî âûâåçòè (n− 1) åäèíèö ïðîäóêòà, îñòàâëÿÿ â
êàæäîé èç ïîñåùàåìûõ âåðøèí îäíó åäèíèöó ïðîäóêòà.
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
NEOS-ñîëâåð, ïðîãðàììû Gurobi è CPLEX

Åñëè n = 100, òî â çàäà÷å êîììèâîÿæåðà êîëè÷åñòâî
ïåðåìåííûõ è îãðàíè÷åíèé èçìåðÿåòñÿ äåñÿòêàìè òûñÿ÷.
Çàäà÷è òàêîãî ðàçìåðà ìîãóò óñïåøíî ðåøàòüñÿ ñ
ïîìîùüþ ïðîãðàìì Gurobi 6.5.0 è CPLEX 12.6.2.0 èç
NEOS-ñîëâåðà [4].

4. NEOS Solver [Ýëåêòðîííûé ðåñóðñ]:
http://www.neos-server.org/neos/solvers/. � Ðåæèì äîñòóïà:
ñâîáîäíûé.
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
NEOS-server
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
NEOS-ñîëâåðû äëÿ ÖËÏ-çàäà÷
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
Áèáëèîòåêà TSPLIB

16/21 Ñòåöþê Ï.È.,Ñîëîìîí Ä.È. Âû÷èñëèòåëüíûå àñïåêòû çàäà÷è êîììèâîÿæåðà



NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
TSPLIB: ãðàôû kro100A÷kro100E

Îöåíèòü âðåìÿ ðåøåíèÿ ïîäîáíûõ çàäà÷ ìîæíî ïî
ðåçóëüòàòàì ðåøåíèÿ çàäà÷ êîììèâîÿæåðà, ïðèâåäåííûì â
òàáëèöàõ íèæå.
Â íèõ äëÿ ïÿòè èçâåñòíûõ ãðàôîâ kro100A÷kro100E èç
áèáëèîòåêè TSPLIB ïðèâåäåíû t1 è t2 � çàòðàòû (â
ñåêóíäàõ) äëÿ äâóõ ôîðì çàïèñè çàäà÷è (1)�(5). Îíè
âû÷èñëÿëèñü ñ ïîìîùüþ ôóíêöèè "_solve_time".

Ïåðâàÿ ôîðìà ñîîòâåòñòâóåò çàäà÷å (1)�(5) è ÿâëÿåòñÿ
áîëåå ýêîíîìíîé ïî êîëè÷åñòâó íåíóëåâûõ ýëåìåíòîâ, ÷åì
âòîðàÿ ôîðìà, ãäå îãðàíè÷åíèÿ âèäà (2) âêëþ÷àþò
ðàâåíñòâî äëÿ âõîäÿùèõ â âåðøèíó è âûõîäÿùèõ èç
âåðøèíû äóã.
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
Gurobi 6.5.0 äëÿ kro100A÷kro100E

tsp d∗ Gurobi 6.5.0
t1 t2 t1/t2

kro100A 21282 1522.55 80.25 18.97
kro100B 22141 458.95 99.45 4.61
kro100C 20749 258.46 60.43 4.28
kro100D 21294 272.29 60.58 4.49
kro100E 22068 153.74 139.86 1.10
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
CPLEX 12.6.2.0 äëÿ kro100A÷kro100E

tsp d∗ CPLEX 12.6.2.0
t1 t2 t1/t2

kro100A 21282 2088.73 78.49 26.61
kro100B 22141 434.85 132.25 3.29
kro100C 20749 466.19 109.69 4.25
kro100D 21294 651.16 76.8 8.48
kro100E 22068 522.59 95.26 5.49
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
Çàìå÷àíèå

Ïðîãðàììû gurobi è cplex ìîæíî èñïîëüçîâàòü äëÿ
ðåøåíèÿ çàäà÷ ðàçìåùåíèÿ èñòî÷íèêîâ ôèçè÷åñêîãî ïîëÿ,
êîòîðûå â Æèòîìèðñêîì ãîñóäàðñòâåííîì
òåõíîëîãè÷åñêîì óíèâåðñèòåòå èññëåäóþòñÿ Ñ.È. ßðåì÷óê
è åå ó÷åíèêàìè. Îïûò ïðèìåíåíèÿ ïðîãðàììû gurobi äëÿ
òàêèõ çàäà÷ ìîæíî íàéòè â [5].

5. Ñòåöþê Ï.È., Ëÿøêî Â.È., ßðåì÷óê Ñ.È. Î ðåøåíèè
ìèíèìàêñíûõ çàäà÷ ðàçìåùåíèÿ èñòî÷íèêîâ ôèçè÷åñêîãî ïîëÿ
// Æóðí. îá÷èñëþâàëüíî¨ òà ïðèêëàäíî¨ ìàòåìàòèêè. � 2014. �
� 3. � Ñ. 140�150.
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NEOS-ñîëâåðû äëÿ çàäà÷ èç TSPLIB
Çàïèòàííÿ?

ÄßÊÓÞ ÇÀ ÓÂÀÃÓ!
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