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AJITOPUTMBI
1 CTPYKTYPhI JTAHHBIX

[IEJIOYUCJIEHHOE JIMHEVHOE ITPOTPAMMUPOBAHUE



CTAHIAPTHASA ®OPMA 3AJTAYN JIII

anry + apr: + ... + ampr, < b
an1r1  + axnry + ... + agmr, < by
am1T1 + am2T2 + ...+ AT < by
T, 9, ... Ty >0
T1, T2, ... T €L

cix1 +coxo+ ...+ ¢z, — max

Henouncnennoe nuneitnoe nporpammuposanue, [TJIIT
(Integer Linear Programming, ILP)



['EOMETPUYECKUNI CMBICJI

o nonycrumble perenus: IIJIIT C nomycrumbie perenus JITI
e max 3unadenue JIIT < max 3nauenue JII1

® HACKOJIBKO MOTYT OTJIMYIaTbCAd 1Max 3HAYCHUA !



CB4A3b MEXKAY 3ATAYAMU LIJIIT 11 JIII

JIIT \ LJIIT HecoBmectna | Heorpanuuena | Paspermmma
HecoBmectna | + - -
Heorpannuena | + + +*
Pazpemmma + - +

* — BO3MOKHO, ec/in KO3(DMUIMEHTHI UPPAIMOHATBHBI

Kaxk monyunrs u3 pemenust JIIT permenne LIJITT?
Mo2KHO I OKPYTJINTD T; 7




METO/] BETBEI1 U I'PAHUII

Ilycrs o* — pemenne 3anaun JIIT, BeiGepem z) & 7

A

- —— 9 — ——0——— 9 — — —0— ° — — —o— o

— 4 ——®———0-——9———0-——9f— -0 o
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PaCCMOTpI/IM JIB€ HOBbBIC 3a/1a4U, ,HO6aBI/IB OorpaHMY€eHU A

1.z < [xf] 2.2 > [z7]+1

(2

Pertenne ncxonmoit 3agadu = Jiydiinee U3 pelieHuil HOBBIX 3a1at



METO/] BETBEI1 U I'PAHUII

BerByienne cTpout jiepeBo 3a1at
1. B nagaute: best = —oo @
2. Tlpu HAXOXKIEHWHU JINCTA

C LEJIEBBIM 3HAUEHUEM Z @ @
best = max(best, z)

e Ob6s3aTeIbHO U HaJI0 00OWTH BCe JepeBo’
e Kaxk BpIOMpaTL OUYepeHOl y3el JJisd BeTBICHHS !
e Kak BBIOMpATH IIEPEMEHHYIO JIJIsT BETBJICHUSI !



METOJ OTCEYEHU
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METO/T OTCEYEHUIT (METO/I "'OMOPH)

1. Ilpenmomarast, 9To K03 OUITMEHTHI UCXOIHON 3aaTN
paIlMOHAJILHBI, JJOMHOXKIM HEPABEHCTBA, TaK, YTOObI

c/ieyTaTh UX IEeJIBIMM.

anry + aier: + ... + apr, + T4 = b
a1r1  + axrey + ... + apT, + Ty = bo
Am1T1 + am2T2 + ...+ GgppTn + Ty = by

TOF,ZL& JOIIOJIHUTEJIbHBIC IIepEMEHHBIC TaK2Ke 6y,ZLyT L(eJIbIMI/I!



METO/T OTCEYEHUIT (METO/I "'OMOPH)
1. Pemaem zamaay JIII:

rpr = b1 + anrn + aprp + ...+ AT,

rpr = b + apxrnn + apexre + ...+ QenZin

TBm = bm + amirrn + amerr2 + ...+ GmaTmn
z = ¢ + cCcxnn + cCxp + ... + ChZn

Boibupaem by, € 7, epeHocuM BCe NepeMEeHHbIE B JIEBYIO 9acTh
Tpr+ > —aRitri = by
(@pr + Y _[—arilen) + O_{—ari}zn) = b



METO/T OTCEYEHUIT (METO/I "'OMOPH)

TBE + Z —ap;xr; = by
(ﬂisk + Z[—aki]xu) + (Z{—am’}fﬂn) = [o] + {0}

Hobasiisiem yciioBre (CeKyIast II0CKOCTD):

> {—ari}zn > {be}

x1 + 3.1xe — 4.3x3 4+ 0.525 = 1.2
($1 + 3x9 — b3 + 0$5) + (0.11‘2 + 0.7z3 + 0.5.275) =140.2

0.1z + 0.723 + 0.5z5 > 0.2
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ITpumep B GLPK: glpsol.exe -m sudoku.mod

http://www.gnu.org/software/glpk/



http://www.gnu.org/software/glpk/

CBEJIEHUE K 3AJAYE IIEJOYUCJIEHHOTO JIII

param givens{1..9, 1..9}, integer, >= 0, <= 9, default 0;
/* the "givens" */

var x{i in 1..9, j in 1..9, k in 1..9}, binary;
/* x[i,j,k] = 1 means cell [i,j] is assigned number k */

s.t. fa{i in 1..9, j in 1..9, k in 1..9: givens[i,j] != 0}:
x[i,j,k] = (if givens[i,j] = k then 1 else 0);
/* assign pre-defined numbers using the "givens" */

s.t. fb{i in 1..9, j in 1..9}: sum{k in 1..9} x[i,j,k] = 1;
/* each cell must be assigned exactly one number */

s.t. fc{i in 1..9, k in 1..9}: sum{j in 1..9} x[i,j,k] = 1;
/* cells in the same row must be assigned distinct numbers */

s.t. fd{j in 1..9, k in 1..9}: sum{i in 1..9} x[i,j,k] = 1;
/* cells in the same column must be assigned distinct numbers */

s.t. fe{I in 1..9 by 3, J in 1..9 by 3, k in 1..9}:
sum{i in I..I+2, j in J..J+2} x[i,j,k] = 1;
/* cells in the same region must be assigned distinct numbers */




MUHUMAJIbHOE BEPILINHHOE IMOKPLITUE

Hano: rpad G = (V, E)

Haiitu: muoxkecrso S C V' MHHUMAaJILHOIO pasMepa TaKoe, ITO

V(u,v) €eE: ue S wm veS



MUWHUMAJIBHOE IIOKPBLITUE — CBEJAEHUE K [LJIII

V={1,2,...n}
BeejieM 1nepeMeHHble X1, T2, . . . Ty, T; € {0,1}.

Samaqaa [IJIIT:
n
Z T; — min
=1
0<x; < 1, 1eV

ri+x;>1, (4,j) € E
r;, €E7L

Permtaem 3agaay JIII, mostygaem ontumasbHOe pereHue ™,
OKPYTJIIEM

T; =

. 0, ecmmz} <1/2
1, ecmmxf >1/2



MUWHUMAJIBHOE IIOKPBLITUE — CBEJAEHUE K [LJIII

Byner s okpyriennoe pemrenne 3aga4n JII1 permennem LIJITI?

i +a;>1 = #H=1wm ;=1

Hackosbko mostyueHHOe peliienne £ MOYXKET ObITb XyKe
ontuMasbHOro permenust [IJITT?

n n
2> i > &
=1 i=1



