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Sinh vién thuc hién

VU NHAT TAN - A2K65 Toan tin

NGUYEN XUAN TRUGNG - A2K65 Toan tin
LUU VAN VIET - A2K65 Toan tin
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@ Gidi thieu dé tai

Q Xay dung md hinh t8i uu tuyén tinh cho bai toan
o Thiét 1ap bién cho md hinh
o Thiét 1ap rang budc cho mé hinh

o Thiét 13p ham muc tiéu

e St dung thu vién Gurobipy dé cai d3t mo hinh tbi uu tuyén tinh cho tro chaoi
x&p hinh Shakashaka

(%} Téng két

© Tai lidu tham khao

Shakashaka Puzzle TOI UU HOA Ngy 23 thing 5 ndm 2023 3/23



Gi6i thiéu dé tii

Gi6i thiéu vé trd choi xép hinh Shakashaka
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Gi6i thiéu dé tii

Gi6i thiéu vé trd choi xép hinh Shakashaka

Trd choi x&p hinh Shakashaka 13 mét trong nhiing trd choi xép hinh dugc phat
trién bdi nha xu4t ban Nikoli.
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Gi6i thiéu dé tii

Gi6i thiéu vé trd choi xép hinh Shakashaka

Trd choi x&p hinh Shakashaka 13 mét trong nhiing trd choi xép hinh dugc phat
trién bdi nha xu4t ban Nikoli.

Shakashaka dudc chinh thirc dua ra vao nam 2008 bdi Guten va sau dé tré thanh
mét trong nhiing trd choi xép hinh phd bién ctia NXB Nikoli.
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Gi6i thiéu dé tii

Luit choi Shakashaka
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Gi6i thiéu dé tii

Luit choi Shakashaka

Bang trang thai bit dau cla trd choi Shakashaka 13 mét bang vudng ¢ n gdm
n X n hinh vudng don vi.

Shakashaka Puzzle
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Gi6i thiéu dé tii

Luit choi Shakashaka

Bang trang thai bit dau cla trd choi Shakashaka 13 mét bang vudng ¢ n gdm
n X n hinh vudng don vi.

M3i hinh vudng don vi c6 mau tring hodc den. Mot s6 hinh vuéng mau den cé
thé chita chita mét sb nguyén k > 0.
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Gi6i thiéu dé tii

Luat choi Shakashaka

Bang trang thai bit dau cla trd choi Shakashaka 13 mét bang vudng ¢ n gdm
n X n hinh vudng don vi.

M3i hinh vudng don vi c6 mau tring hodc den. Mot s6 hinh vuéng mau den cé
thé chita chita mét sb nguyén k > 0.
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Gi6i thiéu dé tii

Luat choi Shakashaka
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Gi6i thiéu dé tii

Luat choi Shakashaka

Muc tiéu cta tro choi la dién vao cdc 6 mau trang bang 1 trong 5 6 sau:

BN 4 I
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Gi6i thiéu dé tii

Luat choi Shakashaka

Muc tiéu cta tro choi la dién vao cdc 6 mau trang bang 1 trong 5 6 sau:

VNN 4

Sao cho:

@ Xung quanh cc 6 mau den c6 chia sb k theo hudng doc va ngang c6 diing
k 6 vudng cb chira hinh tam giac.

o Céc khoang tring sau khi dién hét toan bd bang phai 13 cic hinh chii nhat
khéng giao nhau.
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Gi6i thiéu dé tii

Luat choi Shakashaka
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Gi6i thiéu dé tii

Luat choi Shakashaka
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Thiét 13p bién cho mé hinh

Thiét 13p bién clia md hinh
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Thiét 13p bién cho mé hinh

Thiét 13p bién clia md hinh

V6i mBi 6 vudng (i, /) mau tring, ta cAn dién vao 1 trong 5 6 vudng dang
0,7, 4.
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Thiét 13p bién cho mé hinh

Thiét 13p bién clia md hinh

V6i mBi 6 vudng (i, /) mau tring, ta cAn dién vao 1 trong 5 6 vudng dang
0,7, 4.

Do dé, ta biéu thi trang thai m3i 6 vudng (i,j) bdi 5 bién nhi phan:

x[i, j, 0, x [, 4,20, x[i, j, N, x[1, j, W], x[7, j, ]

x[i,j,[ ] = 1 néu 6 (i,j) dién []
x[i,j,?] = 1 néu & (i,]) dién P
x[i,j, N =1 néu 6 (i,j) dién N
x[i,j,N] =1 néu 6 (i,j) dién N
x[i,j, ) =1 néu & (i,j) dién 4
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Thiét 13p bién cho mé hinh

Thiét 13p bién clia md hinh

V6i mBi 6 vudng (i, /) mau tring, ta cAn dién vao 1 trong 5 6 vudng dang
0,7, 4.

Do dé, ta biéu thi trang thai m3i 6 vudng (i,j) bdi 5 bién nhi phan:

x[i, j, 0, x [, 4,20, x[i, j, N, x[1, j, W], x[7, j, ]

x[i,j,[ ] = 1 néu 6 (i,j) dién []
x[i,j,?] = 1 néu & (i,]) dién P
x[i,j, N =1 néu 6 (i,j) dién N
x[i,j,N] =1 néu 6 (i,j) dién N
x[i,j, ) =1 néu & (i,j) dién 4

Vé6i mi 6 vudng (i, /) mau den, ta khéng dugc dién 6 vudng nao khac vao nén
x[i, j,*] = 0.
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Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vubng mau trang
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Thiét 1ap rang budc cho md hinh

7 A

Rang budc doi véi cac 6 vubng mau trang

Constraint 1: D5i v6i m&i 6 vudng (i,j) mau tring, ta chi dugc dién vao duy
nh4t mét trong 5 & 1, 7, N, A, ™.
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Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vubng mau trang

Constraint 1: D5i v6i m&i 6 vudng (i,j) mau tring, ta chi dugc dién vao duy
nh4t mét trong 5 & 1, 7, N, A, ™.

V6i moi (i, /) ma trong bang trang thai xult phét, 6 vudng (i,/) 13 6 vubng mau
trﬁng.

Shakashaka Puzzle TOI UU HOA Ngay 23 thang 5 nam 2023



Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vubng mau den

Shakashaka Puzzle TOI UU HOA Ngay 23 thang 5 nam 2023



Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vubng mau den

Constraint 2: Xung quanh cidc 6 vuéng mau den theo hudng doc va ngang khéng
duoc dién cic 6 vudng ¢ chia hinh tam gidc ma tao thanh géc 45°.
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Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vubng mau den

Constraint 2: Xung quanh cidc 6 vuéng mau den theo hudng doc va ngang khéng
duoc dién cic 6 vudng ¢ chia hinh tam gidc ma tao thanh géc 45°.

xli = 1,5, = x{i,j — 1,70 = x[i + 1,j,K] = x[i,j + 1,4
= x[i = 1,7.2] = x[i,j — 1,K] = x[i + 1,j,] = x[i,j + 1,d] = 0

V6i moi (i, j) ma trong bang trang thai xult phat, 6 vubng (i,/) 13 6 vudng mau
den.
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Thiét 1ap rang budc cho md hinh

Rang bubc déi véi cidc 6 vubng mau den
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Thiét 1ap rang budc cho md hinh

Rang bubc déi véi cidc 6 vubng mau den

Constraint 2: Xung quanh céc 6 vudng mau den c6 chita sé k theo huéng doc va
ngang khéng can c6 ding k 6 vudng ¢ chita hinh tam giac.

Shakashaka Puzzle
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Thiét 1ap rang budc cho md hinh

Rang bubc déi véi cidc 6 vubng mau den

Constraint 2: Xung quanh céc 6 vudng mau den c6 chita sé k theo huéng doc va
ngang khéng can c6 ding k 6 vudng ¢ chita hinh tam giac.

X[i—=1,j, ] + x[i,j — 1,1 + x[i + 1,j, 0] + x[i

J+ 1,7

+x[i = 1,5, W] + x[i,j — L, + x[i + 1, /,9 + x[i,j + 1,N] = k

Vi moi (i, ) ma trong bang trang théi xult phét, & vudng (i, /) 13 6 vudng mau

den va chita s6 k.
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Thiét 1ap rang budc cho md hinh

Rang bubc déi véi cac 6 vubng ¢ chita hinh tam gidc
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Thiét 1ap rang budc cho md hinh

Rang bubc déi véi cac 6 vubng ¢ chita hinh tam gidc

Constraint 3: V6i mdi 6 vudng chifa cac hinh tam gidc dugc dién, cac 6 vudng
xung quanh can phdi dugc dién dé tao thanh mét géc 90° hodc 180°.
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Thiét 1ap rang budc cho md hinh

Rang bubc déi véi cac 6 vubng ¢ chita hinh tam gidc

Constraint 3: V6i mdi 6 vudng chifa cac hinh tam gidc dugc dién, cac 6 vudng
xung quanh can phdi dugc dién dé€ tao thanh mét gbc 90° hodc 180°. Vi du: Gia
sir 6 vudng (i, ) duoc dién K. Khi dé cic 6 vudng xung quanh cin phai dugc dién
nhu sau dé tao thanh mét géc mét géc 90° hodc 180°.

A4

x[i, j, W] < x[i,j + 1,d] + x[i + 1,/ + 1,K]
x[i, j, W]+ x[i + 1,/ + 1,W] < x[i,j + 1,01 +1
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Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vudng cb chita hinh tam gidc
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Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vudng cb chita hinh tam gidc
Constraint 3: V6i mdi 6 vudng chita cac hinh tam gidc dugc dién, cic 6 vudng
xung quanh can phai dugc dién dé tao thanh mét géc 90° hosc 180°.
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Thiét 1ap rang budc cho md hinh

Rang budc doi véi cac 6 vudng cb chita hinh tam gidc

Constraint 3: V6i mdi 6 vudng chita cac hinh tam gidc dugc dién, cic 6 vudng
xung quanh can phai dugc dién dé tao thanh mét géc 90° hosc 180°.

Vi du: Gia sir 6 vudng (i, ) dugc dién K. Khi d6 cic 6 vubng xung quanh can
phdi dugc dién nhu sau dé tao thanh mét géc mot géc 90° hodc 180°.

N

x[i,j, W] < x[i = 1,j,0] +x[i — 1,j — 1,\]
X[I.,j,:‘]—i-X[l.— 17.j_ 17"] SX[I_ 17j7|:|] +1
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Thiét 1ap rang budc cho md hinh

Rang bubc dé cat cac géc Iom
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Thiét 1ap rang budc cho md hinh

Rang bubc dé cat cac géc Iom

Constraint 4: Cac géc 16m dugc tao thanh tir 3 6 vudng mau tring doi mot ké
nhau (theo hudng doc va ngang), khi d6 vi tri con lai phai dugc dién dé tranh tao
gbc Iom.
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Thiét 1ap rang budc cho md hinh

Rang bubc dé cat cac géc Iom

Constraint 4: Cac géc 16m dugc tao thanh tir 3 6 vudng mau tring doi mot ké
nhau (theo hudng doc va ngang), khi d6 vi tri con lai phai dugc dién dé tranh tao
gbc Iom.

X[ g, L) 4 X[ 4+ 1, B x4 L] < x4 1, + LE] 4 X[ 4 1, + 1,1d] + 2
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I16m
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I16m

Constraint 4: Céc géc 16m dugc tao thanh tir 3 6 vubng mau tring doi mot ké
nhau (theo hudng doc va ngang), khi d6 vi tri con lai phai dugc dién dé tranh tao
gbc Iom.
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I16m

Constraint 4: Cac géc I6m dugc tao thanh tir 3 6 vudng mau tring doi mét ké
nhau (theo hudng doc va ngang), khi d6 vi tri con lai phai dugc dién dé tranh tao
gbc Iom.

X[Iv./vD] +X[I+1717[]]+X[l71_ 17D] SX[I_|_]'7J_ ]-al:‘] +X[I+17J_ 17:|]+2
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I6m
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I6m

Constraint 4: Cic géc I6m duoc tao thanh tir 3 6 vudng mau tring doi mét ké
nhau (theo hudng doc va ngang), khi d6 vi tri con lai phai dugc dién dé tranh tao
gbc Iom.
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I6m

Constraint 4: Cic géc I6m duoc tao thanh tir 3 6 vudng mau tring doi mét ké
nhau (theo hudng doc va ngang), khi d6 vi tri con lai phai dugc dién dé tranh tao
gbc Iom.

X[I,J,D]-i—X[I— 1)./75] +X[I’J+1’D] SX[’_ 15J+LD]+X[I_ 1a./+1’|!]+2
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Thiét 1ap rang budc cho md hinh

Rang bubc dé cat cac géc Iom
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Thiét 1ap rang budc cho md hinh

Rang bubc dé cat cac géc Iom

Constraint 4: Cac géc I6m dugc tao thanh tir 3 6 vudng mau tring d6i mét ké
nhau (theo hudng doc va ngang), khi dé vi tri con lai phai dugc dién dé tranh tao
géc Iom.
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Thiét 1ap rang budc cho md hinh

Rang bubc dé cat cac géc Iom

Constraint 4: Cac géc I6m dugc tao thanh tir 3 6 vudng mau tring d6i mét ké
nhau (theo hudng doc va ngang), khi dé vi tri con lai phai dugc dién dé tranh tao
géc Iom.

X[l',j,[u-i-X[I.— 1aj’D] +X[iaj_ 1aD] S X[i_ ]-aj_ 17E|]+X[i_ 1aj_ 13”] +2
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I6m
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I6m

Constraint 4: Cic géc 16m dugc tao thanh tir 1 6 vubéng chia tam gidc va 2 6
vudng mau tring.
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Thiét 1ap rang budc cho md hinh

Rang budc dé cat cac géc I6m

Constraint 4: Cic géc 16m dugc tao thanh tir 1 6 vubéng chia tam gidc va 2 6
vudng mau tring.

X[i, B+ X[+ 1, L+ x[ij+ LU < x[i+ 1,7+ LU+ x[i+ 1, + 1, 4] + 2
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Thiét 1ap ham muc tiéu

Thiét 1ap ham muc tiéu
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Thiét 1ap ham muc tiéu

Thiét 1ap ham muc tiéu

Mb hinh véi cac diéu kién tuyén tinh di duoc xay dung khéng c6 ham muc tiéu.
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Cai dat mdé hinh

Cai dat mdé hinh

Cai d3t md hinh bang thu vién Gurobipy.
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Shakashaka.py

Tén g két

Téng két
o Gidi thiéu vé trd chai x&p hinh Shakashaka.
o Xay dung md hinh téi wu tuyén tinh dé giai trd choi Shakashaka.

o Sir dung thu vién Gurobipy d& cai dit va chay mé hinh d3 xay dung. M hinh
c6 két qua kha kha quan khi gidi ddng mét sb test duoc dua ra.
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Tai liéu tham khao

[1] Erik D. Demaine, Yoshio Okamoto, Ryuhei Uehara, Yushi Uno,
Computational complexity and an integer programming model of
Shakashaka, 2013.
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