Računalništvo III, 5. december 2001

(rešitve pripravila B. Zupančič)
1.

max 65T + 90P + 20V + 40D + 60M

p.p.

     150000T + 300000P + 10000V + 40000D + 100000M <= 3000000

       -1000T – 2000P – 300V – 1500D – 2500M <= -50000

       150000T + 300000P <= 1800000

       -T – P <= -10

       T <= 15

       P <= 10

       V <= 30

       D <= 25

       M <= 4

       T, P, V, D, M >= 0  

max 65T + 90P + 20V + 40D + 60M

p.p.

     15T + 30P + V + 4D + 10M <= 300

       -10T – 20P – 3V – 15D – 25M <= -500

       15T + 30P <= 180

       -T – P <= -10

       T <= 15

       P <= 10

       V <= 30

       D <= 25

       M <= 4

       T, P, V, D, M >= 0

Uvedba dodatnih spremenljivk in reševanje navidezne naloge:

X1 = 300 – 15T –30P – V – 4D – 10M + X0

X2 = -500 + 10T + 20P + 3V + 15D + 25M + X0

X3 = 180 – 15T – 30P + X0

X4 = -10 + T + P + X0

X5 = 15 – T + X0

X6 = 10 – P + X0

X7 = 30 – V + X0

X8 = 25 – D + X0

X9 = 4 – M + X0

W = 65T + 90P + 20V + 40D + 60M

X0 = 500 – 10T – 20P – 3V – 15D – 25M + X2

X1 = 800 –25T – 50P – 4V – 19D – 35M + X2

X3 = 680 – 25T – 50P – 3V – 15D – 25M + X2

X4 = 490 – 9T – 19P – 3V – 15D – 25M + X2 

X5 = 515 – 11T – 20P – 3V – 15D – 25M + X2 

X6 = 510 – 10T – 21P – 3V – 15D – 25M + X2

X7 = 530 – 10T – 20P – 4V – 15D – 25M + X2

X8 = 525 – 10T – 20P – 3V – 16D – 25M + X2

X9 = 504 – 10T – 20P – 3V – 15D – 26M + X2

Z = -500 + 10T + 20P + 3V + 15D + 25M - X2 

V = 132.5 – 2.5T – 5P – 3.75D – 6.25M + 0.25X2 – 0.25 X7

X0 = 102.5 – 2.5T – 5P – 3.75D – 6.25M + 0.25X2 + 0.75X7


X1 = 270 –15T – 30P – 4D – 10M + X7

X3 = 282.5 – 17.5T – 35P – 3.75D – 6.25M + 0.25X2 + 0.75X7

X4 = 92.5 – 1.5T – 4P – 3.75D – 6.25M + 0.25X2 + 0.75X7

X5 = 117.5 – 3.5T – 5P – 3.75D – 6.25M + 0.25X2 + 0.75X7

X6 = 112.5 – 2.5T – 6P – 3.75D – 6.25M + 0.25X2 + 0.75X7

X8 = 127.5 – 2.5T – 5P – 4.75D – 6.25M + 0.25X2 + 0.75X7

X9 = 106.5 – 2.5T – 5P – 3.75D – 7.25M + 0.25X2 + 0.75X7

Z = -102.5 + 2.5T + 5P + 3.75D + 6.25M - 0.25X2 - 0.75X7

D = 74/3 – 2/5T – 16/15P – 5/3M + 1/15X2 + 1/5X7 – 4/15 X4

V = 40 – T – P – X7 + X4
X0 = 10 – T – P + X4


X1 = 514/3 – 13.4T – 386/15P – 10/3M - 4/15X2 + 1/5X7 + 16/15 X4

X3 = 190 – 16T – 31P + X4 

X5 = 25 – 2T – P + X4

X6 = 20 – T – 2P + X4

X8 = 62/6 – 0.6T + 1/15P + 5/3M – 1/15X2 – 1/5X7 + 19/15X4

X9 = 14 – T – P – M + X4

Z = -10 + T + P - X4

T = 10 – P + X4 - X0

D = 62/3 – 2/3P – 5/3M + 1/15X2 + 1/5X7 – 2/3 X4 + 2/5X0

V = 30 – X7 + X0

X1 = 112/3 – 37/3P – 10/3M - 4/15X2 + 1/5X7 - 37/3 X4 + 13.4X0

X3 = 30 – 15P - 15X4 + 16X0 

X5 = 5 + P - X4 + 2X0

X6 = 10 – P + X0

X8 = 13/3 + 2/3P + 5/3M – 1/15X2 – 1/5X7 + 2/3X4 + 0.6X0

X9 = 4 – M + X0

Z = -X0

X0 = 0    (((( Reševanje prvotne naloge:

T = 10 – P + X4 

D = 62/3 – 2/3P – 5/3M + 1/15X2 + 1/5X7 – 2/3 X4 

V = 30 – X7 

X1 = 112/3 – 37/3P – 10/3M - 4/15X2 + 1/5X7 - 37/3 X4 

X3 = 30 – 15P - 15X4

X5 = 5 + P - X4 

X6 = 10 – P

X8 = 13/3 + 2/3P + 5/3M – 1/15X2 – 1/5X7 + 2/3X4 

X9 = 4 – M 

W = 6230/3 – 5/3P + 115/3X4 - 12X7 – 80/3M + 8/3X2

X2 = 65 + 10P + 25M - 3X7 + 10X4 - 15X8

T = 10 – P + X4 

D = 25 – X8 

V = 30 – X7 

X1 = 20 – 15P – 10M + X7 - 15X4 + 4X8 

X3 = 30 – 15P - 15X4

X5 = 5 + P - X4 

X6 = 10 – P

X9 = 4 – M 

W = 2250 + 25P + 65X4 - 20X7 + 60M - 40X8

P = 4/3 – 2/3M + 1/15X7 - X4 + 4/15X8 - 1/15X1

X2 = 235/3 + 55/3M – 7/3X7 – 37/3X8 – 2/3X1

T = 26/3 + 2/3M - 1/15X7 + 2X4 - 4/15X8 + 1/15X1 

D = 25 – X8    

V = 30 – X7 

X3 = 10 + 10M – X7 - 4X8 + X1

X5 = 19/3 – 2/3M + 1/15X7 - 2X4 + 4/15X8 - 1/15X1 

X6 = 26/3 + 2/3M - 1/15X7 + X4 - 4/15X8 + 1/15X1

X9 = 4 – M 

W = 6850/3 + 130/3M - 55/3X7 + 40X4 - 100/3X8 - 5/3X1

M = 2 + 1/10X7 – 3/2X4 + 2/5X8 - 1/15X1 – 3/2P

X2 = 115 – 1/2X7 – 55/2X4 – 5X8 – 17/9X1 – 55/2P

T = 10 + X4 + 1/45X1 – P

D = 25 – X8    

V = 30 – X7 

X3 = 30 - 15X4  + 1/3X1 – 15P 

X5 = 5 - X4 - 1/45X1 + P 

X6 = 10 + 1/45X1 – P

X9 = 2 – 1/10X7 + 3/2X4 - 2/5X8 + 1/15X1 + 3/2P 

W = 2370 - 14X7 - 25X4 - 16X8 - 6X1 – 65P

X1 = X4 = X7 = X8 = P = 0

X2 = 115

X3 = 30

X5 = 5

X6 = 10

X9 = 2 

T = 10

P = 0

V = 30

D = 25

M = 2  

2.

Imamo n daril s cenami, ki jih shranimo v vektor c.

c = (c1, c2, …, cn)

Definirajmo število M 1 := 1/2∙∑ci. 

Zanima nas, če obstaja N1, podmnožica množice A = {1, 2, …, n}, da bo veljalo: ∑i ( N1  ci  = M1.

M1 pove, koliko so vredna darila, ki jih bo prejela Metka. Prav tako pa tudi skupno vrednost daril, ki jih bosta prejela Janko in Tomaž.

Ker sta bila Tomaž in Janko enako neubogljiva, mora tudi vsak izmed njiju dobiti darila enakih vrednosti, t.j., darila v vrednosti 1/2∙M1.

Označimo z M2 = 1/2∙M1 = 1/2∙∑i ( N1  ci  = 1/2∙∑i ( A\  N1  ci.  

Pri tem se moramo ponovno vprašati, če obstaja množica N2 ( N1 ali N2 ( A \ N1, da bo ∑i ( N2 ci = M2.

Izberemo problem delitve in ga polinomsko reduciramo na naš problem. Ker je problem delitve NP-poln, je to po definiciji dovolj za dokaz, da je naš problem NP-težek.

Polinomska redukcija:

Π0 … naš problem

Π … problem delitve

Π … problem delitve

Podatki: v1, v2, …, vn; L = 1/2·ⁿ∑i = 1vi

Vprašanje: Ali obstaja S ( {1, 2, …, n}, da je ∑i ( S vi = L?

Ko rešimo naš problem, imamo podatke o N1 in N2. N1 je hkrati tudi rešitev Π, problema delitve. Po definiciji je problem Π NP-težek, če je vsak NP-poln problem možno polinomsko reducirati na Π. To smo v našem primeru pravkar storili, saj smo problem delitve rešili s pomočjo rešitve N1 prvotnega problema. Ker je vsak NP-poln problem mogoče prevesti na problem delitve, smo preko tega posredno vsak NP-poln problem polinomsko reducirali na naš problem in s tem pokazali, da je NP-težek.

