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Êîíêóðåíòíûå çàäà÷è ðàçìåùåíèÿ: ïðåäûñòîðèÿ

Hotelling, H.

Stability in competition // The Economic Journal, 1929. Vol. 39. P. 41 �
57.

Ïîñëåäîâàòåëüíàÿ êîíêóðåíöèÿ â çàäà÷àõ ðàçìåùåíèÿ

Hay, D.A.(1976), Prescott, E.C., Vissher, M.(1977)

Êîíêóðåíòíîå ðàçìåùåíèå è öåíîîáðàçîâàíèå

Eiselt, H.A., Laporte, G., Thisse J.-F.(1993), Kress, D., Pesch, E.(2012)

Êîíêóðåíòíîå ðàçìåùåíèå + ìîäåëü öåíîîáðàçîâàíèÿ
Áåðòðàíà

Pelegrin, B., Fernandez, P., Garcia M.D., Cano S.(2012)
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Ñòðàòåãèè öåíîîáðàçîâàíèÿ:

Ôàáðè÷íîå öåíîîáðàçîâàíèå (mill pricing)

Íà êàæäîì ïðåäïðèÿòèè ñâîÿ öåíà

Ðàâíîìåðíîå öåíîîáðàçîâàíèå

Íà âñåõ ïðåäïðèÿòèÿõ îäíà è òà æå öåíà

Äèñêðèìèíàöèîííîå öåíîîáðàçîâàíèå

Íà êàæäîì ïðåäïðèÿòèè ðàçíûå öåíû äëÿ ðàçíûõ ïîêóïàòåëåé
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Èãðà Øòàêåëüáåðãà + ìîäåëü Áåðòðàíà

Âåðõíèé óðîâåíü

Ëèäåð ðàçìåùàåò p ïðåäïðèÿòèé (ïðîèçâîäÿùèõ îäíîðîäíóþ
ïðîäóêöèþ)

Íèæíèé óðîâåíü

Êîíêóðåíò ðàçìåùàåò r ïðåäïðèÿòèé

Öåíîâîé "ïèíã-ïîíã"

Ðàçäåë ðûíêîâ ìåæäó èãðîêàìè íà îñíîâå ìîäåëè öåíîâîé
êîíêóðåíöèè Áåðòðàíà

Öåëü èãðû

Öåëü èãðû ëèäåðà � âûáðàòü òàêîå ìíîæåñòâî èç p ïðåäïðèÿòèé,
êîòîðîå ïîçâîëÿåò ìîíîïîëèçèðîâàòü ðûíêè, äîñòàâëÿþùèå
ìàêñèìàëüíóþ ñóììàðíóþ ïðèáûëü.
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Ìàòåìàòè÷åñêàÿ ìîäåëü � äàííûå

I = {1, ...,m} � ìíîæåñòâî ïóíêòîâ ðàçìåùåíèÿ äëÿ ïðåäïðèÿòèé
ëèäåðà è êîíêóðåíòà;

K = {1, ..., n} � ìíîæåñòâî ðûíêîâ;

wmax
k ≥ 0 � ìàêñèìàëüíàÿ öåíà, êîòîðóþ ãîòîâû ïëàòèòü êëèåíòû

ðûíêà k çà ïðîäóêò;

qk(w) ≥ 0 � ôóíêöèÿ ñïðîñà äëÿ ðûíêà k, çàâèñÿùàÿ îò öåíû
ïðîäàæè w, 0 ≤ w ≤ wmax

k ;
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Ìàòåìàòè÷åñêàÿ ìîäåëü � äàííûå

p � êîëè÷åñòâî ïðåäïðèÿòèé ðàçìåùàåìûõ ëèäåðîì;

r � êîëè÷åñòâî ïðåäïðèÿòèé ðàçìåùàåìûõ êîíêóðåíòîì;

ci ≥ 0 � çàòðàòû íà ïðîèçâîäñòâî â ïóíêòå i;

tik ≥ 0 � òðàíñïîðòíûå çàòðàòû äëÿ ïåðåâîçêè ïðîäóêöèè èç ïóíêòà i
íà ðûíîê k;

cik = ci + tik(≤ wmax
k ) � ñåáåñòîèìîñòü îáñëóæèâàíèÿ k-ãî ðûíêà èç

ïóíêòà i.
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Ìàòåìàòè÷åñêàÿ ìîäåëü � ïåðåìåííûå:

Âûáîð ëèäåðà:

xi =

{
1, åñëè ëèäåð ðàçìåùàåò â ïóíêòå i ñâîå ïðåäïðèÿòèå,
0 â ïðîòèâíîì ñëó÷àå.

Âûáîð êîíêóðåíòà:

yi =

{
1, åñëè êîíêóðåíò ðàçìåùàåò â ïóíêòå i ñâîå ïðåäïðèÿòèå,
0 â ïðîòèâíîì ñëó÷àå.
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Ìîíîïîëüíàÿ öåíà

Ìèíèìàëüíàÿ ñåáåñòîèìîñòü îáñëóæèâàíèÿ ðûíêà k
ïðåäïðèÿòèÿìè ëèäåðà

ck(x) = min{cik | xi = 1}

Äîõîä ìîíîïîëèñòà (Dk):

dk(w) = qk(w) (w − ck(x)) −→ max
w

ck(x) ≤ w ≤ wmax
k .

Îïòèìàëüíîå ðåøåíèå çàäà÷è wm
k (ck(x), wmax

k ) � ìîíîïîëüíàÿ öåíà.
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Ìàòåìàòè÷åñêàÿ ìîäåëü: äîõîä ìîíîïîëèñòà

Ìîíîïîëèñò � ëèäåð ck(x) ≤ ck(y):

w∗k(ck(x), ck(y)) =

{
wm
k (ck(x), wmax

k ), åñëè wm
k (ck(x), wmax

k ) ≤ ck(y),
ck(y) â ïðîòèâíîì ñëó÷àå,

Åñëè cik ≤ cjk, òî

dikj =

{
dk(wm

k (cik, w
max
k )), åñëè wm

k (cik, w
max
k ) ≤ cjk,

dk(cjk) åñëè wm
k (cik, w

max
k ) > cjk
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Ìàòåìàòè÷åñêàÿ ìîäåëü: äîõîä ìîíîïîëèñòà

Ìîíîïîëèñò � êîíêóðåíò ck(y) < ck(x):

w∗k(ck(y), ck(x)) =

{
wm
k (ck(y), wmax

k ), åñëè wm
k (ck(y), wmax

k ) ≤ ck(x),
ck(x) â ïðîòèâíîì ñëó÷àå,

Åñëè cik > cjk, òî

dikj =

{
dk(wm

k (cjk, w
max
k )), åñëè wm

k (cjk, w
max
k ) ≤ cik,

dk(cik) åñëè wm
k (cjk, w

max
k ) > cik
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Ìàòåìàòè÷åñêàÿ ìîäåëü � ïåðåìåííûå:

zLikj =


1, åñëè k-é ðûíîê îáñëóæèâàåòñÿ i-ì ïðåäïðèÿòèåì ëèäåðà

ïðè óñëîâèè, ÷òî íà j-ì ïðåäïðèÿòèè êîíêóðåíòà äîñòèãà-
åòñÿ ìèíèìóì åãî ñåáåñòîèìîñòè,

0 â ïðîòèâíîì ñëó÷àå,

zFikj =


1, åñëè k-é ðûíîê îáñëóæèâàåòñÿ j-ì ïðåäïðèÿòèåì

êîíêóðåíòà ïðè óñëîâèè, ÷òî íà i-ì ïðåäïðèÿòèè ëèäåðà
äîñòèãàåòñÿ ìèíèìóì åãî ñåáåñòîèìîñòè,

0 â ïðîòèâíîì ñëó÷àå,
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Çàäà÷à êîíêóðåíòíîãî ðàçìåùåíèÿ ïðîèçâîäñòâà è

öåíîîáðàçîâàíèÿ

∑
k∈K

∑
i∈I

∑
j∈I

dikjz
L
ikj → max

x,y,zL,zF
(1)

∑
i∈I

xi = p; (2)

(y, zL, zF ) ∈ F∗(x); (3)

xi ∈ {0, 1}; i ∈ I. (4)
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Çàäà÷à êîíêóðåíòà:

∑
k∈K

∑
i∈I

∑
j∈I

dikjz
F
ikj → max

y,zL,zF
(5)

∑
i∈I

yi = r; (6)

∑
i∈I

∑
j∈I

zFikj ≤
∑

i∈Ik(x)

yi; k ∈ K; (7)

xi + yi ≤ 1; i ∈ I; (8)∑
i,j∈I

(zLikj + zFikj) = 1; k ∈ K; (9)
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Çàäà÷à êîíêóðåíòà:

zLikj ≤ xi; z
L
ikj ≤ yj ; i, j ∈ I, k ∈ K; (10)

cikz
L
ikj ≤ ci′kxi′ + (1− xi′)C; i, j ∈ I, k ∈ K, i′ ∈ I; (11)

cjkz
L
ikj ≤ ci′kyi′ + (1− yi′)C; i, j ∈ I, k ∈ K, i′ ∈ I; (12)

zFikj ≤ xi; z
F
ikj ≤ yj ; i, j ∈ I, k ∈ K; (13)

cikz
F
ikj ≤ ci′kxi′ + (1− xi′)C; i, j ∈ I, k ∈ K, i′ ∈ I; (14)

cjkz
F
ikj ≤ ci′kyi′ + (1− yi′)C; i, j ∈ I, k ∈ K, i′ ∈ I; (15)

zLikj , z
F
ikj , yi, uk ∈ {0, 1}; i, j ∈ I, k ∈ K. (16)
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Çàäà÷à PLPϕ

dik = ϕk(ck(x))

Äîõîä ìîíîïîëèñòà îò k-ãî ðûíêà ïðè óñëîâèè, ÷òî ck(x) = cik.

∑
k∈K

∑
i∈I

∑
j∈I

dikz
L
ik → max

x,y,zL,zF∑
i∈I

xi = p;

(y, zL, zF ) ∈ F∗(x);

xi ∈ {0, 1}; i ∈ I.
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Çàäà÷à êîíêóðåíòà

∑
k∈K

∑
i∈I

dikz
F
ik → max

y,zL,zF∑
i∈I

yi = r;

∑
i∈I

zFik ≤
∑

i∈Ik(x)

yi; k ∈ K;

xi + yi ≤ 1; i ∈ I;∑
i∈I

(zLik + zFik) = 1; k ∈ K;
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Çàäà÷à êîíêóðåíòà

zLik ≤ xi; i ∈ I, k ∈ K;

cikz
L
ik ≤ ci′kxi′ + (1− xi′)C; i ∈ I, k ∈ K, i′ ∈ I;

zFik ≤ yi; i ∈ I, k ∈ K;

cikz
F
ik ≤ ci′kyi′ + (1− yi′)C; i ∈ I, k ∈ K, i′ ∈ I;

zLik, z
F
ik, yi ∈ {0, 1}; i ∈ I, k ∈ K.
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Ïîëèíîìèàëüíàÿ èåðàðõèÿ

Òåîðåìà 1.

Çàäà÷à PLPϕ ÿâëÿåòñÿ
∑P

2 -òðóäíîé.

Σp
2 Πp

2 Σp
2 = NPNP , Πp

2 = co−NPNP ;

∆p
2 ∆p

2 = PNP = P co−NP ;

Σp
1 Πp

1 Σp
1 = NP, Πp

1 = co−NP ;

∆p
1 ∆p

1 = Σp
0 = Πp

0 = P.

@
@I

�
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Òåîðåìà 2.

Çàäà÷à êîíêóðåíòà ÿâëÿåòñÿ NP-òðóäíîé â ñèëüíîì ñìûñëå.
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Àïïðîêñèìàöèîííàÿ èåðàðõèÿ

Òåîðåìà 3.

Çàäà÷à PLPϕ ïðèíàäëåæèò êëàññó Poly-APX(
∑P

2 ).
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Àëüòåðíèðóþùàÿ ýâðèñòèêà

Øàã 1.

Ïîñòðîèòü íà÷àëüíîå ðåøåíèå. Ïîëîæèòü íàèëó÷øåå çíà÷åíèå öåëåâîé
ôóíêöèè (ðåêîðä) ðàâíûì íóëþ. Ïåðåéòè íà øàã 3.

Øàã 2.

Íàéòè íîâîå ðàçìåùåíèå ëèäåðà, ðåøèâ âíóòðåííþþ çàäà÷ó Inner(y),
ãäå â êà÷åñòâå ïàðàìåòðà âûñòóïàåò íàéäåííîå íà øàãå 3 ðàçìåùåíèå
êîíêóðåíòà. Ïåðåéòè íà øàã 3.

Øàã 3.

Ðåøèòü çàäà÷ó êîíêóðåíòà äëÿ òåêóùåãî ðåøåíèÿ ëèäåðà . Åñëè íîâîå
çíà÷åíèå öåëåâîé ôóíêöèè çàäà÷è PLPϕ áîëüøå ÷åì òåêóùèé ðåêîðä,
òî çàïîìèíàåì åãî. Åñëè ÷èñëî èòåðàöèé íå ïðåâîñõîäèò çàäàííóþ
âåëè÷èíû, òî ïåðåéòè íà øàã 2.
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Ãèáðèäíàÿ ýâðèñòèêà

Øàã 1.

Ïîñòðîèòü íà÷àëüíîå ðàçìåùåíèå (x0, y0) ïðåäïðèÿòèé ëèäåðà è
êîíêóðåíòà. Ïîëîæèòü íàèëó÷øåå çíà÷åíèå öåëåâîé ôóíêöèè (ðåêîðä)
ðàâíûì íóëþ.

Øàã 2.

Íàéòè ëîêàëüíûé ìàêñèìóì äëÿ çàäà÷è ðàçìåùåíèÿ ïðåäïðèÿòèé
ëèäåðà ïî îêðåñòíîñòè Swap(x, y).

Øàã 3.

Ðåøèòü çàäà÷ó êîíêóðåíòà äëÿ òåêóùåãî ðåøåíèÿ ëèäåðà x. Åñëè
íîâîå çíà÷åíèå öåëåâîé ôóíêöèè çàäà÷è PLPϕ áîëüøå ÷åì òåêóùèé
ðåêîðä, òî ïîìåíÿòü ðåêîðä. Åñëè ÷èñëî èòåðàöèé íå ïðåâîñõîäèò
çàäàííóþ âåëè÷èíû ïåðåéòè íà øàã 2.
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Âû÷èñëèòåëüíûé ýêñïåðèìåíò: äàííûå

×èñëî âîçìîæíûõ ìåñò îòêðûòèÿ ïðåäïðèÿòèé

20

×èñëî ðûíêîâ

50

Âûáîð dik è cik
Çíà÷åíèÿ ïîðîæäàëèñü ðàâíîâåðîÿòíî èç öåëî÷èñëåííîãî èíòåðâàëà
[0, 100]
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Âû÷èñëèòåëüíûé ýêñïåðèìåíò

r = p = 2 r = p = 3

Alt Hyb Alt Hyb

value time value time value time value time

1 2206 54 2332 22 2382 76 2382 22

2 2067 54 2067 44 2211 96 2265 107

3 1874 54 2304 32 2511 138 2532 65

4 2388 75 2388 32 2426 74 2536 32

5 2140 32 2438 54 2621 118 2317 22

6 1988 54 2356 87 2126 119 2499 32

7 2011 97 2060 55 2177 53 2277 53

8 1979 140 2162 23 2150 75 2273 161

9 2239 54 2135 57 2313 140 2397 65

10 2180 75 2235 68 2337 203 2382 32

Òàáëèöà 1
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Âû÷èñëèòåëüíûé ýêñïåðèìåíò

r = p = 4

Alt Hyb

value time value time

1 2325 32 2407 23

2 2372 118 2091 22

3 2389 138 2657 56

4 2464 96 2657 55

5 2081 75 2799 34

6 2668 139 2651 67

7 2237 53 2477 22

8 2257 140 2359 145

9 2552 139 2444 79

10 2445 202 2250 34

Òàáëèöà 1: ïðîäîëæåíèå
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ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ
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