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Ââåäåíèå

Çàäà÷à ðàçìåùåíèÿ ïðîèçâîäñòâà (FLP)
ñîñòàâëÿåò îäèí èç íàèáîëåå àêòóàëüíûõ è
øèðîêèõ ðàçäåëîâ â îáëàñòè äèñêðåòíîé
îïòèìèçàöèè è èññëåäîâàíèÿ îïåðàöèé. Äàííàÿ
çàäà÷à èíòåðåñíà êàê ñ òåîðåòè÷åñêîé òî÷êè
çðåíèÿ, òàê è ñ ïðàêòè÷åñêîé, ïîñêîëüêó èìååò
îáøèðíûé ðÿä ïðèëîæåíèé: ïëàíèðîâàíèå
ïðîèçâîäñòâà ïðåäïðèÿòèÿ, ñòàíäàðòèçàöèÿ,
ñåòåâîå ïëàíèðîâàíèå, êëàñòåðíûé àíàëèç è
ìíîãîå äðóãîå.
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UFLP

Íàèáîëåå ïðîñòî ôîðìóëèðóåòñÿ çàäà÷à
ðàçìåùåíèÿ ñ íåîãðàíè÷åííûìè îáúåìàìè
ïðîèçâîäñòâà (Uncapacitated Facility Location
Problem, ñîêð. UFLP):∑

i∈M

fixi +
∑
j∈V

∑
i∈M

bjcijxij → min

subject to ∑
i∈M

xij = 1, j ∈ V ,

xij ≤ xi , i ∈ M , j ∈ V ,

xij , xi ∈ {0, 1},
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UFLP

ãäå
M � ìí-âî âîçìîæíûõ ìåñò ïðåäïðèÿòèé,

|M | = m;

V � ìí-âî ïóíêòîâ ñïðîñà (ïîòðåáèòåëåé),

|V | = n;

bj � îáú¼ì ñïðîñà â ïóíêòå j ;
fi � ñòîèìîñòü îòêðûòèÿ ïðåäïðèÿòèÿ â ïóíêòå i ;
cij � çàòðàòû íà òðàíñïîðòèðîâêó åäèíèöû
ïðîäóêöèè îò äåéñòâóþùåãî ïðåäïðèÿòèÿ â ïóíêòå
i äî ïîòðåáèòåëÿ j ;
xi è xij � ïåðåìåííûå âûáîðà è íàçíà÷åíèÿ
ñîîòâåòñòâåííî.
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UFLP

UFLP NP-òðóäíà â îáùåì ñëó÷àå (ê íåé ñâîäèòñÿ
NP-òðóäíàÿ çàäà÷à ïîêðûòèÿ ìíîæåñòâàìè).
Ïîëèíîìèàëüíî ðàçðåøèìà íà äðåâîâèäíûõ ñåòÿõ:
O(nm) (Gim 1983).
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CFLP

Ñóùåñòâåííî áîëåå ñëîæíîé ÿâëÿåòñÿ çàäà÷à
ðàçìåùåíèÿ ñ îãðàíè÷åííûìè îáúåìàìè
ïðîèçâîäñòâà (Capacitated Facility Location
Problem, ñîêð. CFLP).
Áîëåå ôîðìàëüíî, â CFLP êàæäîå ïðåäïðèÿòèå i
èìååò ìîùíîñòü ai , îïðåäåëÿþùóþ ìàêñèìàëüíûé
îáúåì òîâàðîâ, êîòîðûå îí ìîæåò ïðîèçâåñòè.
Ñóùåñòâóåò äâà âàðèàíòà ýòîé ïðîáëåìû:unsplitable
CFLP (ñïðîñ êëèåíòà äîëæåí îáñëóæèâàòüñÿ
òîëüêî îäíèì ïðåäïðèÿòèåì) è splitable CFLP
(òðåáîâàíèå êëèåíòà ìîæíî ðàçäåëèòü ìåæäó
íåñêîëüêèìè îòêðûòûìè ïðåäïðèÿòèÿìè).
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RCFLP

Ðàññìîòðèì åùå áîëåå ñëîæíûé ñëó÷àé çàäà÷è
ðàçìåùåíèÿ (Restricted CFLP, èëè RCFLP), êîãäà
îãðàíè÷åíû êàê îáúåìû ïðîèçâîäñòâà, òàê è ïðîïóñêíûå
ñïîñîáíîñòè êîììóíèêàöèé.
Ïóñòü äàíû ãðàô G = (V ,E ) è n = |V |.
Â êàæäîì óçëå ãðàôà åñòü ïîòðåáèòåëü, è â íåì ìîæåò
áûòü, â ïðèíöèïå, îòêðûòî ïðåäïðèÿòèå i ∈ V ñ
óñòàíîâëåííîé ñòîèìîñòüþ îòêðûòèÿ fi (ðàâíîãî
áåñêîíå÷íîñòè, åñëè â ýòîì óçëå îòêðûâàòü ïðåäïðèÿòèå
íåëüçÿ).
Äëÿ êàæäîãî ðåáðà e ∈ E çàäàíû ñòîèìîñòü ce
òðàíñïîðòèðîâêè åäèíèöû ïðîäóêòà ïî ðåáðó è ïðîïóñêíàÿ
ñïîñîáíîñòü qe ýòîãî ðåáðà.
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RCFLP

Åùå áîëåå ñëîæíîé ñòàíîâèòñÿ çàäà÷à Restricted CFLP (RCFLP) � ñ
ó÷åòîì êàê îãðàíè÷åíèé íà îáúåìû ïðîèçâîäñòâà, òàê è îãðàíè÷åíèé
íà ïðîïóñêíûå ñïîñîáíîñòè êîììóíèêàöèé.∑

i∈V

fiyi +
∑
i,j∈V

∑
p∈Pij

cpij x
p
ij → min

yi ,x
p
ij

(1)

∑
j∈V

∑
p∈Pij

xpij ≤ aiyi , i ∈ V , (2)

∑
i∈V

∑
p∈Pij

xpij = bj , j ∈ V , (3)

∑
i,j∈V , p∈Pij : e∈p

xpij ≤ qe , e ∈ E , (4)

0 ≤ xpij ≤ bjyi , i , j ∈ V , (5)

xpij ≥ 0, yi ∈ {0, 1}, (6)
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RCFLP

where
bj � îáúåì ñïðîñà â óçëå j ;
ai � îáúåì ïðîèçâîäñòâà â óçëå i ;
fi � ñòîèìîñòü îòêðûòèÿ ïðåäïðèÿòèÿ â óçëå i ;
Pij � ìíîæåñòâî âñåõ ïóòåé èç óçëà i â óçåë j ;
ce � ñòîèìîñòü òðàíñïîðòèðîâêè åäèíèöû
ïðîäóêòà ïî ðåáðó e;
cpij =

∑
e∈p

ce � ñòîèìîñòü òðàíñïîðòèðîâêè åäèíèöû

ïðîäóêòà ïî ïî ïóòè p èç i â j ;
qe �ïðîïóñêíàÿ ñïîñîáíîñòü ðåáðà e;
yi � ïåðåìåííàÿ âûáîðà îòêðûâàòü ïðåäïðèÿòèå â
óçëå i èëè íåò;
xpij � êîëè÷åñòâî ïðîäóêòà äîñòàâëÿåìîãî îò
ïðåäïðèÿòèÿ i ê ïîòðåáèòåëþ j âäîëü ïóòè p ∈ Pij .
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RCFLP

Îãðàíè÷åíèÿ (3) ñîîòâåòñòâóþò òðåáîâàíèÿì
êàæäîãî ïîòðåáèòåëÿ.
Îãðàíè÷åíèÿ (2) íå ïîçâîëÿþò ïðåâûñèòü îáúåì
ïðîèçâîäñòâà îòêðûòîãî ïðåäïðèÿòèÿ.
Îãðàíè÷åíèÿ (4) ãàðàíòèðóþò, ÷òî ïîòîê ïðîäóêòà
ïî êàæäîìó ðåáðó e íå ïðåâûñèò åãî ïðîïóñêíóþ
ñïîñîáíîñòü.
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RCFLP

Çàäà÷à (1), (3), (5) � (6) (áåç ó÷åòà îãðàíè÷åíèé íà
îáúåìû ïðîèçâîäñòâà è ïðîïóñêíûå ñïîñîáíîñòè
êîììóíèêàöèé) = UFLP) [Mirchandani,1990].

Çàäà÷à (1) � (3), (6) (áåç ó÷åòà îãðàíè÷åíèé íà
ïðîïóñêíûå ñïîñîáíîñòè ðåáåð) = CFLP
[Mirchandani,1990].

Çàäà÷à (1), (3) � (6) (áåç ó÷åòà îãðàíè÷åíèé íà
îáúåìû ïðîèçâîäñòâà) = RFLP [Voznuk,1999].
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Èçâåñòíûå è íîâûå ðåçóëüòàòû äëÿ RCFLP:

Çàäà÷à RCLP NP-òðóäíà íà ãðàôàõ ïðîèçâîëüíîãî
òèïà.

Ageev, Gimadi, Kurochkin (2009): çàäà÷à CFLP ñ
îäèíàêîâûìè îáúåìàìè ïðîèçâîäñòâà (uniform
facility capacities) íà ëèíåéíîì ãðàôå ðåøàåòñÿ çà
âðåìÿ O(m4n2), ãäå m � îãðàíè÷åíèå íà ÷èñëî
îòêðûòûõ ïðåäïðèÿòèé.

Âîçíþê.1999: çàäà÷à (1), (3)�(6) (RFLP íà äåðåâå)
áûëà ðåøåíà çà âðåìÿ O(n3b2), ãäå b = max

j∈V
bj .

Äàëåå ìû ðàññìîòðèì ìåòðè÷åñêóþ âåðñèþ çàäà÷è
CFLP è ïîêàæåì, ÷òî îíà ïñåâäî-ïîëèíîìèàëüíî
ðàçðåøèìà, åñëè âõîäíîé ãðàô � äåðåâî. Òàêæå
ïðåäñòàâèì ïîëèíîìèàëüíûå àëãîðèòìû ÄÏ äëÿ
äâóõ âàðèàíòîâ çàäà÷è RCFLP íà ëèíåéíîì ãðàôå.Ãèìàäè Ý.Õ., Öèäóëêî Î.Þ.Àëãîðèòìû äëÿ çàäà÷è ðàçìåùåíèÿ 12 / 26



RCFLP íà äðåâîâèäíîì ãðàôå

∑
i∈V

fiyi +
∑
i∈V

∑
j∈V

cijxij → min
yi ,xij

(7)

ïðè óñëîâèÿõ ∑
j∈V

xij ≤ aiyi , i ∈ V , (8)

∑
i∈V

xij = bj , j ∈ V , (9)

∑
i∈V

∑
j|e∈Pij

xij ≤ qe , e ∈ E , (10)

xij ≥ 0, yi ∈ {0, 1}, (11)

ãäå cij =
∑

e∈Pij

ce äëÿ âñÿêèõ i ∈ V , è j ∈ V .
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Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Statement 1

The RCFLP on a tree can be solved in O(nB2)-running
time, where B =

∑
j∈V

bj is the total demand.

Àëãîðèòì

Preliminary Stage 1. Âî-ïåðâûõ, ìû ñâîäèì çàäà÷ó
ñ îãðàíè÷åííûìè îáúåìàìè ïðîèçâîäñòâà (8) è
îãðàíè÷åííûìè ïðîïóñêíûìè ñïîñîáíîñòÿìè
êîììóíèêàöèé (ðåáåð) ê çàäà÷å ñ îãðàíè÷åíèÿìè
òîëüêî íà ïðîïóñêíûå ñïîñîáíîñòè ðåáåð. Ýòî
äåëàåì ïóòåì ïåðåíîñà êàæäîãî âîçìîæíîãî ìåñòà
i ðàçìåùåíèÿ â ôèêòèâíóþ âåðøèíó i ′ è
ïðåîáðàçîâàíèåì îáúåìîâ ïðîèçâîäñòâà â
îãðàíè÷åíèå íà ïðîïóñêíóþ ñïîñîáíîñòü
ôèêòèâíîãî ðåáðà (i , i ′).

Ãèìàäè Ý.Õ., Öèäóëêî Î.Þ.Àëãîðèòìû äëÿ çàäà÷è ðàçìåùåíèÿ 14 / 26



Äåòàëè øàãà 1

For each vertex i ∈ G such that the cost of opening a facility at i is
fi <∞ we will add a dummy vertex i ′ and an edge (i ′, i). We are
going to move the places where a facility might be opened from all
such vertices i to the corresponding i ′. Set the cost of opening a
facility at i ′ equal to fi ′ = fi and then set fi =∞. The demand at i ′

is bi ′ = 0, the cost of transportation of a unit of product along the
edge (i ′, i) is c(i ′,i) = 0. Finally, the transportation capacity of the
edge (i ′, i) is equal to the facility capacity at i in the graph G :
q(i ′,i) = ai . Denote this new graph by G ′. The problem (7) on the
graph G ′ with constrains (9), (10), and (11) is equivalent to the
problem on the graph G with constrains (8)�(11). While in the
graph G a facility at site i cannot produce more then ai units of
product, in the graph G ′ a facility at site i ′ produces any number
of product, but the edge (i ′, i) that connects the facility with the
rest of the graph can transfer at most ai units. Note that G ′ has at
most 2n vertices.
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Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Preliminary Stage 2. Çàòåì ìû ñâîäèì çàäà÷ó íà
ïðîèçâîëüíîì äåðåâå ê çàäà÷å íà äâîè÷íîì
äåðåâå. Âûáåðåì âåðøèíó r â êà÷åñòâå êîíåâîé.
Íà÷èíàÿ ñ r , âåðøèíó v , ñ ñûíîâüÿìè u1, . . . , uk ,
k > 2, çàìåíèì íà ïóòü èç k − 1 âåðøèí v1, . . . , vk−1 è
äîáàâèì ðåáðà (v1, u1), (v2, u2) . . . , (vk−1, uk−1) è
(vk−1, uk). Äàäèì îáúåìû ñïðîñà bv1 = bv ,
bv2 = . . . = bvk−1 = 0, çàòðàòû íà îòêðûòèå îáúåêòà
fv1 = fv2 = . . . = fvk−1 =∞, òàê êàê ïîñëå ïåðâîé
ñòàäèè ó âåðøèí ñ êîíå÷íîé ñòîèìîñòüþ îòêðûòèÿ
èìååòñÿ òîëüêî îäèí ñîñåä. Ñòîèìîñòè
òðàíñïîðòèðîâêè äëÿ êàæäîãî ðåáðà â ïóòè
(v1, . . . , vk−1) := íóëþ, à ïðîïóñêíûå ñïîñîáíîñòè
ðåáåð ïîëàãàåì ìàêñèìàëüíî âîçìîæíûì, ò.å.∑

v∈V bv . Äëÿ êàæäîãî ðåáðà (vi , ui), 1 ≤ i < k,
ïîëàãàåì c(vi ,ui ) = c(v ,ui ) è q(vi ,ui ) = q(v ,ui ).
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Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Lemma 1

[Voznuk.1999] Çàäà÷à (7), (9)�(11) íà
ïðîèçâîëüíîì äåðåâå ñâîäèòñÿ ê çàäà÷å íà
áèíàðíîì äåðåâå ñ íå áîëåå ÷åì äâîéíûì ÷èñëîì
âåðøèí.

Stage 3. Ñõåìà ÄÏ.

Â ðåçóëüòàòå äâóõ ïðåäûäóùèõ ñòàäèé ìû èìååì
çàäà÷ó áåç îãðàíè÷åíèé íà îáúåìû ïðîèçâîäñòâà
íà êîðíåâîì áèíàðíîì äåðåâå G0 = (V0,E0) ñ êîðíåì
r = 0 è ÷èñëîì âåðøèí V0 ≤ 4n, ãäå n � ÷èñëî
âåðøèí â èñõîäíîì äåðåâå G .
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Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Ðàññìîòðèì ïîääåðåâî Gi ñ êîðíåì i . Ïóñòü
âåðøèíà j �ðîäèòåëüñêàÿ äëÿ i è z � ñóììàðíûé
îáúåì ïðîäóêòà, ïåðåíîñèìîãî âäîëü ðåáðà
e = (j , i). Îáîçíà÷èì ÷åðåç Fi(z) îïòèìóì ïîäçàäà÷è
íà ïîääåðåâå Gi , ïðåäïîëàãàÿ, ÷òî z åäèíèö
ïðîäóêòà ïåðåíîñÿòñÿ âäîëü ðåáðà e.
Íàïîìíèì, ÷òî â (6) yi ∈ {0, 1} ÿâëÿþòñÿ
ïåðåìåííûìè âûáîðà òîãî, ñëåäóåò ëè îòêðûâàòü
ïðåäïðèÿòèå â óçëå i . Ïîýòîìó êàæäûé ðàç â
óðàâíåíèÿõ Áåëëìàíà ìû ðåøàåì, ñëåäóåò ëè
îòêðûâàòü ïðåäïðèÿòèå â óçëå i è óäîâëåòâîðÿòü
ñïðîñ ïîòðåáèòåëÿ â ïîääåðåâå, èñïîëüçóÿ åãî
ïðîèçâîäèòåëüíîñòü, èëè íå îòêðûâàòü îáúåêò è,
ñëåäîâàòåëüíî, èñïîëüçîâàòü ïîòîê z äëÿ
óäîâëåòâîðåíèÿ ñïðîñà â óçëå i è ïåðåäàòü
îñòàëüíóþ ÷àñòü ïîòîêà â ïîääåðåâî. Äëÿ êàæäîãî
z ∈ [−qe , qe ] è i ∈ V0:Ãèìàäè Ý.Õ., Öèäóëêî Î.Þ.Àëãîðèòìû äëÿ çàäà÷è ðàçìåùåíèÿ 18 / 26



Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Ðåêóððåíòíûå ñîîòíîøåíèÿ ÄÏ

1. Åñëè âåðøèíà i � ëèñò äåðåâà:

Fi(z) =

 cez , if bi ≤ z ≤ qe ;
fi − cez , if − qe ≤ z ≤ 0;
∞ èíà÷å.

(12)

2. Åñëè âåðøèíà i èìååò îäíîãî ñûíà:

Fi(z) = ce |z |+min
{
Fk(z − bi); fi + min

z ′∈[0,qi,k ]
Fk(z

′)
}

(13)

3. Åñëè âåðøèíàx i èìååò 2 ñûíà k and `:

Fi(z) = ce |z |+min
{

min
|z ′|≤q(i,k)

{Fk(z
′) + Fk(z − bi − z ′)} ;

fi + min
z ′∈[0,q(i,k)]

Fk(z
′) + min

z ′∈[0,q(i,`)]
F`(z

′)
}

(14)
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Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Àíàëèç àëãîðèòìà

Âû÷èñëåíèå Fi(z), |z | ≤ qe, i ∈ V0 çàíèìàåò âðåìÿ

O

(
n(max

e∈E0
qe)

2

)
è âîññòàíîâëåíèå ðåøåíèÿ òðåáóåò

âðåìåíè O(n). Çàìåòèì, ÷òî ìîæíî ïðèíÿòü
max
e∈E0

qe ≤ B, ãäå B =
∑
i∈V0

bi � îáùàÿ ïîòðåáíîñòü, òàê

êàê B ÿâëÿåòñÿ íàèáîëüøèì âîçìîæíûì îáúåìîì
ïðîäóêòà, êîòîðûé íàì êîãäà-ëèáî ïîíàäîáèòñÿ
äëÿ ïåðåíîñà ïî ðåáðó â ðåøåíèè ýòîé çàäà÷è.
Òàêèì îáðàçîì, âðåìåííàÿ ñëîæíîñòü àëãîðèòìà
ðàâíà O(nB2) èëè O(nmin{B2, q2max}).
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Àëãîðèòì ðåøåíèÿ RCFLP íà ñåòè â ôîðìå äåðåâà

Corollary 1.

Â ñëó÷àå åäèíè÷íîãî ñïðîñà ïðåäëîæåííûé
àëãîðèòì âûïîëíÿåòñÿ çà âðåìÿ O(n3).

Corollary 2.

Â ñëó÷àå ëèíåéíîãî ãðàôà ñ íåáîëåå ÷åì m
âîçìîæíûìè ìåñòàìè ðàçìåùåíèÿ ïðåäïðèÿòèé
âðåìåííàÿ ñëîæíîñòü àëãîðèòìà O(mB2).

NB: Äëÿ CFLP (áåç îãðàíè÷åíèé íà ïðîïóñêíûå
ñïîñîáíîñòè íà ëèíåéíîì ãðàôå ñóùåñòâóåò
àëãîðèòì [Mirchandani.1996], êîòîðûé âûïîëíÿåòñÿ
çà âðåìÿ O(mB min{amax ,B}), ãäå m � êîëè÷åñòâî
ïðåäïðèÿòèé, êîòîðûå ìîæíî îòêðûòü. Â ýòîì
ñëó÷àå íàø àëãîðèòì äàñò ïî÷òè òàêóþ æå
òðóäîåìêîñòü O(mmin{a2max ,B

2}), òàê êàê amax

ïåðåõîäèò â qmax íà ïðåäâàðèòåëüíîì ýòàïå 1.Ãèìàäè Ý.Õ., Öèäóëêî Î.Þ.Àëãîðèòìû äëÿ çàäà÷è ðàçìåùåíèÿ 21 / 26



RCFLP íà ëèíåéíîì ãðàôå

Ðàññìîòðèì ìåòðè÷åñêóþ RFLP (7), (9) �11) íà ëèíåéíîì ãðàôå.
Ïóñòü âåðøèíû ëèíåéíîãî ãðàôà íóìåðóþòñÿ 1, . . . , n â ïîðÿäêå åãî
îáõîäà. Ñòîèìîñòü cij òðàíñïîðòèðîâêè åäèíèöû ïðîäóêòà îò i äî j
åñòåñòâåííî îïðåäåëÿåòñÿ êàê cij =

∑
e∈Pij

ce . Ýòè òðàíñïîðòíûå

ðàñõîäû óäîâëåòâîðÿþò óñëîâèÿì central-connectivity: äëÿ êàæäîãî i1,
i2, v ∈ V , åñëè ci1v < ci2v , òîãäà ci1j < ci2j äëÿ âñåõ óçëîâ j â
êðàò÷àéøåì ïóòè îò i1 äî v .
Statement 2. [Gimadi.1984] Äëÿ çàäà÷è FLP íà ãðàôå ñ óñëîâèåì
öåíòðàëüíîé ñâÿçíîñòè ñóùåñòâóåò òàêîå îïòèìàëüíîå ðåøåíèå, ÷òî
äëÿ êàæäîãî îòêðûòîãî îáúåêòà çîíà îáñëóæèâàíèÿ ÿâëÿåòñÿ
ñâÿçàííûì ïîäãðàôîì. Ðåøåíèÿ òàêîãî òèïà áóäóò íàçûâàòüñÿ
öåíòðàëüíî-ñâÿçíûì.

Ãèìàäè Ý.Õ., Öèäóëêî Î.Þ.Àëãîðèòìû äëÿ çàäà÷è ðàçìåùåíèÿ 22 / 26



RCFLP íà ëèíåéíîì ãðàôå

Òàêèì îáðàçîì, äëÿ ðàññìàòðèâàåìîé RFLP íà ëèíåéíîì ãðàôå
ñóùåñòâóåò îïòèìàëüíîå ðåøåíèå, ãäå ãðàô ðàçáèâàåòñÿ íà
íåïðåðûâíûå ñåãìåíòû, è â êàæäîì ñåãìåíòå åñòü îäíî îòêðûòîå
ïðåäïðèÿòèå, êîòîðîå ïîëíîñòüþ îáñëóæèâàåò êëèåíòîâ ýòîãî
ñåãìåíòà. Êàê óæå óïîìèíàëîñü ðàíåå, ñóùåñòâóþò ïîñòàíîâêè
unsplitable è splitable RFLP. Â ïåðâîì ñëó÷àå êàæäûé êëèåíò äîëæåí
îáñëóæèâàòüñÿ òîëüêî îäíèì ïðåäïðèÿòèåìì. Òàêèì îáðàçîì, â
îïòèìàëüíîì öåíòðàëüíî-ñâÿçíîì ðåøåíèè ñîñåäíèå ñåãìåíòû íå
ïåðåñåêàþòñÿ. Âî âòîðîì ñëó÷àå êàæäûé ïîòðåáèòåëüñêèé ñïðîñ
ìîæåò áûòü óäîâëåòâîðåí íåñêîëüêèìè ïðåäïðèÿòèÿìè. Ýòî
îçíà÷àåò, ÷òî ñîñåäíèå ñåãìåíòû â îïòèìàëüíîì öåíòðàëüíî-ñâÿçíîì
ðåøåíèèè ìîãóò èìåòü îäíó îáùóþ âåðøèíó, åñëè îãðàíè÷åíèÿ
ïðîïóñêíîé ñïîñîáíîñòè ðåáåð ïîçâîëÿþò ïîêðûòü ïîëíûé ñïðîñ â
ýòîé âåðøèíå ñîîòâåòñòâóþùèì ïðåäïðèÿòèåì ñ ñàìîé äåøåâîé
ñòîèìîñòüþ òðàíñïîðòèðîâêè.
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RCFLP íà ëèíåéíîì ãàôå

Óêàçàííûå âûøå çàäà÷è íà ëèíåéíîì ãðàôå ìîãóò áûòü ðåøåíû
ïîñðåäñòâîì ÄÏ åäèíîîáðàçíûì îáðàçîì.

Ïðîöåäóðà ÄÏ. Äîáàâèòü ôèêòèâíûå âåðøèíû 0, n + 1 è ðåáðà
e′ = (0, 1), e′′ = (n, n + 1) íà ëèíèèe. Óñòàíîâèò ñëåäóþùèå
÷èñëåííûå õàðàêòåðèñòèêè äëÿ íîâûõ ýëåìåíòîâ âõîäà:
qe′ = qe′′ = 0, ce′ = ce′′ =∞, f0 = fn+1 = 0, b0 = bn+1 = 0.
Ðàññìîòðèì unsplitable RFLP íà ëèíèè. Îáîçíà÷èì ÷åðåç h(i , j)
ìèíèìàëüíóþ ñòîèìîñòü îáñëóæèâàíèÿ ñåãìåíòà [i , j ].

h(i , j) = min
i≤k≤j

{fk + ĉki + ĉkj}.

Çäåñü ĉxy � ñóììàðíûå òðàíñïîðòíûå çàòðàòû íà óäîâëåòâîðåíèå
ñïðîñà â òî÷êàõ ïóòè îò x äî y , åñëè ïðîäóêò ïîñòàâëÿåòñÿ èç
ïðåäïðèÿòèÿ â óçëå x . Åñëè íåâîçìîæíî óäîâëåòâîðèòü ñïðîñ èç-çà
îãðàíè÷åíèé íà ïðîïóñêíûå ñïîñîáíîñòè ðåáåð, òî ïîëàãàåì ĉxy =∞.
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RCFLP íà ëèíåéíîì ãðàôå

Ñîãëàñíî Óòâ. 2 è ðàññóæäåíèÿì âûøå, çàäà÷à ñâîäèòñÿ ê çàäà÷å
áëèæàéøåãî ñîñåäà íà ëèíåéíîì ãðàôå:

s+1∑
k=1

h(ik , ik+1)→ min
{ik}

, (15)

s.t.
0 = i0 < i1 < . . . < is < is+1 = n + 1, s = 1, . . . , n. (16)

Çàäà÷à (15) � (16) ðåøàåòñÿ ïîñðåäñòâîì ñõåìû ÄÏ:

H(0) = 0;H(j) = min
0≤i<j

(H(i) + h(i , j)), j = 1, . . . , n + 1,

Îïòèìóì ðàâåí H(n + 1) è ìîæåò áòü íàéäåí çà âðåìÿ O(n3).
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Per aspera ad astra!

ÑÏÀÑÈÁÎ ÇÀ

ÂÍÈÌÀÍÈÅ!

Ãèìàäè Ý.Õ., Öèäóëêî Î.Þ.Àëãîðèòìû äëÿ çàäà÷è ðàçìåùåíèÿ 26 / 26


