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1. Gid1 thieu chung
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- La mdt dang cau d6 logic, dugc phat trién
dua trén cac tro choi cdu do néi tiéng nhu
Slitherlink, Masyu va Corral.

- Bai toan dugc dat trong bdi canh gia tudng
vé mot khu vuc bi mat ("Area 51") v&i muc tiéu
xdy dung mot vong rao khép kin bao quanh
toan bd cac sinh vat ngoai hanh tinh(Alien),
dong thoi ngan chan cac thuc vat dot bién
giéng xuong rong (Triffids) xam nhap vao khu
VUIC nay.

- Bai toan chi c6 mot giai phap.
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- V& mo6t hang rao khép kin duy nhat ma
khéng duoc giao nhau & diém nao (khdng
dugc tu cat nhau). Bang cach néi cac diém
nut trén ludi bao quanh tat ca cac Alien,
dong thaoi tat ca cac Triffids phai & ngoai
vong rao, khéng dugc lot vao trong.




1.1 Bai toan Area 51 Instructions

X
- S0 khong c6 vong tron (0 dén 3): Cho biét
s6 doan hang rao di qua 4 canh cta 6 dé.
< b
- Mét sb 6 dwoc dwoc tao thanh tr 4 diém trong ludi
dwoc dién san sb tir (0 dén 3) thé hién sbé dwdng can
< N bao quanh 6 dé (Cac 6 tréng co thé c6 sbé dwérng bao
quanh tuay y)

- M6t duong (doan hang r\éo) dwoc dinh nghia la
mot két ndi gitra 2 diém ké nhau
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- S0 c6 vong tron: BDay dugc goi la "tam nhin" sao
cho tong s6 6 ma tlir 6 d6 nhin ra xung quanh bao
gébm nhin thang Ién, xudng, trai, phai va bao gém 6
dé ma hang rao khéng chan phai bang chinh s6

do.
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-Vong tron den (cham den): Dudng hang rao khi di qua vong tron den phai xoay mot
gbc 90- ngay tai diém nay va dudong di trudc va sau vong tron den dé déu phai kéo dai it
nhat 2 doan thang.
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-Vong tron trang (cham trang): Dudng hang rao khi di qua vong tron trang nay phai
c6 mot doan dudong rao ré mot goc 90- & diém lién ké trudc hodc sau dudng rao (it nhat
mot bén phai hodc trai).
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1.2 Muc tiéu

- MO hinh hda bai toan Area 51 Instructions.

- S&r dung Gurobi Optimizer, mot phan mém tdi uu quy hoach nguyén hon hgp (MILP),
dé mé hinh héa bai toadn dudi dang bai todn quy hoach nguyén hon hgp va tién hanh
gidi bai toan.

- Lam rd cach xay dung cac rang budc toan hoc tu luat chaoi. Tao ky nang quan trong
trong linh vuc lap mé hinh hoa.
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2. Cac rang buoc va
mo hinh hoa bai toan
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2. Cac rang buoc va mo hinh héa bai toan

2.1 Dit bién

- Vi du: ludi (8x8)
.~ A ~ > -~
- ng: la so hang cua ma tran

- nc: 1a s6 cot clia ma trin 3 3 3
O
- F: tap hop vi tri cdc 6 chita s6 bén trong s 3 ® 3 3
- K: tap hdp vi tri cic 6 chifa s6 c6 vong chim bao quanh 8 o - -
TR s 2 2
- L(p.q): gia tri so trong O p, q ; : ;
3 3 0
- A: tip hdp vi tri cdc 6 chifa aliens - nguoi ngoai hanh tinh O - . . .
3 ¢ 2
- T tip hop vi tri cic 6 chia ciy xuong rong : - . - . = O
- W: tap hop vi tri cdc diém tring ' 2 T 3 ’ 5
2 " . . . ®
- B: tﬁp h(’p Vi tri CéC dlém den Area 51,8 x 8 Easy, 1-1-1 O
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2. Cac rang buoc va mo hinh héa bai toan

2.2 Bién quyét dinh

Bién quyét dinh cua bai toan nay bao gom: 0 1 2 3
(i, j)
- Céc dudng ngang: 0,0 0,1 0,2
Vei0<i<ng+1va0<j<nc : (P, 9))
M) 1 néu cé dudng ndi giita diém (i, j) va (i,j+ 1) 10 1,1 1,2
i,j) = '
0 néu ngudc lai 2
- Cac duong doc: 20 21 29
V6i0<i<ngva0< j<ne+]1 . ' ' '

W 1 néu cé dudng ndi giita diém (i, j) va (i + 1, j)
v(i,j) =
0 néu ngudc lai
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2. Cac rang buoc va mo hinh héa bai toan

2.2 Bién quyét dinh

- Cécchz’imdlrc}cn(‘)i: Vi <i<ng+1lvaO0<j<nc+1
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p(i,j)

|

1 néu (i, j) dudc noi

0 néu ngudc lai

0,0 0,1 0,2
(p, Q)

1,0 1,1 1,2
2,0 2,1 2,2




2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

a, Slitherlink - Rang budc chu trinh khép kin
Pay la vi du va |0i giai cho cau do6 Slitherlink:

- Néi cac diém trén mot lwédi theo phwong ngang

hoac phuong doc dé tao thanh mét chu trinh khép o 0 '
kin, khéng chdng chéo, ré nhanh i A B, B O ETE B 3
3 3 1 3|3 1
- M6t s6 6 duoc duoc tao thanh tir 4 diém trong Iwdi 1 . 2 . 1 . 2
dwoc dién san so tw (0 den 3) thé bién s6 dwdng can 2 0 2 0
bao quanh 6 dé (Cac 6 trong co thé cd s6 dwdng bao e i T I . ..
quanh tuy y) .1. .1.1. 1 1 1
2 2

- Mét dwdng duoc dinh nghia la mot két nbi gidra 2
diém ké nhau
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

a, Slitherlink - Rang budc chu trinh khép kin

3 3 3
Cac rang budc: = = = O - o
3 3 3
- S6 dudng bao quanh 6 (p, q) bang s6 dudc dién trong 6 dé (ngoai trit cic 6 dé trong). . 5 =7« 2 O 5
h(i, j) +h(i+1, j) +v(i, j) +v(i,j+1) = L(i, j), ' 2 T . ' 5
V(i,j)EF ') LT
3 ¢ 2
i @ & B
1
2 3 2
O - . [
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

a, Slitherlink - Rang budc chu trinh khép kin

Cac rang budc: . . - 3 0O 3 . .
LR Vo B EEa TSR R T P e 3 3 3
- Cac diém phai noi véi nhau tao thanh mot chu trinh khép kin, khong chong chéo, o . _ . ‘. @
khong ré nhénh. .8 o
2 2
Y  h(s)+ Y v(st)=2p(i,)) i R % ® m 8 @
(s0)ENR(i.j) (s.1)ENy (i.j) 3 3 0
VO<i<ng+1,0<j<nc+1 Q 3 2-
Ny (i, j) : La cdc dudng ngang c6 thé ndi véi diém (i.j) o . o 0
Ny (i. j) : Cac dudng doc c6 thé ndi véi diém (ij) - -
2 3 2
Qo = = ®
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

a, Slitherlink - Rang budc chu trinh khép kin R o .
- Quy trinh kiém tra ton tai mét chu trinh duy nhat
- Chi tao thanh mét chu trinh duy nhat. Ta s dung

mot rang budc dé cat chu trinh mdi khi nghiém BEGIN

dwoc gidi co nhiéu hon mét chu trinh. 3 \
Khaéi tao mé hinh M

V6i méi chu trinh C trong S, ta c6: Giai M
- Rang budc cit chu trinh. Goi .= nghiem M

He: tap hdp cac dudng ngang trong C While (S chita nhiéu hon 1 chu trinh)

Ye: 8 hopicic dutng doc tong € Cat tat ca chu trinh trong S

e g GiaiM
Y, h@.j)+ Y, V(i.)) <|Hel+|Ve| -1
(i.j)eHc (i.j)eVe S:=nghiémM
RETURN S

END
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

|| visited

a, Slitherlink - Rang budc chu trinh khép kin

l I Stack

Kiém tra xem thuat toan cé chira ding mét chu W
trinh hay khéng. Dung thuat toan DFS thuat toan
tim kiém theo chiéu sau, bat dau tir mét dinh bat gi (2 [2 3] | | sk

p(i.j) = 1, ((i,j) thuéc F)

[ o] 1] | visited

Néu tbng sb canh clia chu trinh = tbng sb canh
clia dd thj thi dd thi cé mot chu trinh. Néu sé canh
cla chu trinh != s canh cla dé thij thi d6 thj do co
nhiéu hon 1 chu trinh hodc d6 thi d6 la chu trinh ré

2 [ 3 1 | stack

nhanh, chéng chéo (chu trinh 16i). (o[22 [ | wvsie
[als] [ T ] stea
o | 1| 2] a3 | Vit -
Lo 1] 2[a] | vitd
T T GL T T T ] s
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

b, Masyu - Cham den, cham trang

Ludt choi nhu sau:

- V6i mbi chim den, khi di qua phai xoay mot géc 90° ngay tai diém nay va duong di O | o o C

truGe va sau vong tron den dé déu phai kéo dai it nhit 2 doan thang.

- V6i mbi cham tring, dudng rao khi di qua vong tron tring nay phai c6 mot dudng rao

ré goc 907 ¢ diém lién ké trudc hodc sau dudng rao (it nhit mot bén phai hoic trai)

- Pay la mét vi du cho cau d6 Masyu:
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

b, Masyu - Cham den, cham trang

4
- Céc canh di qua chim den. V6i méi b(i, j) € B, ta co: _ 2 S 2 _ 9 o O\P _
3 2
[y Scrs ;g e g O =« = =« = =« s O
h(i,j—2)+h(i,j—1)+h(i,j)+h(i,j+1)=2
< (h(i, j—2)+h(i,j—1)=2)(h(i, j) + h(i,j+1)=2) =0 v 3 2 ©
V(l-2,j)+\’(l—l,j)+V(l,j)+V(l+l,j)=2 0 0
(=2, )+ (i1, /)= 2) (i, )+ (i —1,/)—2) =0 3 2
1
S =
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

b, Masyu - Cham den, cham trang

- Céc canh di qua chim den. V6i méi b(i, j) € B, ta co:

r

h(i,j—2)+h(i,j—1)+h(i,j)+h(i, j+1) =2 2
(h(i,j—2) +h(i, j—1)—2)(h(i, )+ h(i, j+1)—2) =0
v(i—2,/)+v(i—1,/)+v(i,j)+v(ii+1,j)=2

((V(i—=2,))+v(i—1,j)=2)(v(i, /) +v(i—1,j)—2) =0
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

b, Masyu - Cham den, cham trang

- Céc canh di qua cham tring
[h(i,j—l)+h(i,j)=2<_> h(i, j—1)+h(i, j) +v(i—1,)) +v(i, j) =2
v(i—1,j)+v(i,j) =2 (h(i, j—1)+h(i, j) —2)(v(i,j) +v(i—1,j)—2) =0
- Rang budc ngay lap tic

v(i—1,j—1)+v(i,j—1)+v(i—1,j+1)+v(i,j+1) > h(i,j—1)+h(i,j)—1,(1)
h(i—1,j—1)+h(i—1,/)+h(i+1,j—-2)+h(i+1,j) > v(i—1,j)+v(i,j)—1,(2)
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Area 51, 8 x 8 Easy, 1-1-3
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2. Cac rang buoc va mo hinh héa bai toan

2.3 MO hinh héa bai toan

¢, Rang budc Alien, Cactus

- Do alien niim trong chu trinh va cactus nim ngoai chu trinh nén chi khi ta ¢6 1 chu
trinh roi kiém tra dudc.

- Chon 1 6 (p,q) thude vao K, 6 nay chic chin nim trong chu trinh theo nhu dé bai.
- Sit dung thuit todn Flood Fill d¢ t6 mau nhiing 6 nim bén trong, bit dau tif 6 (p.q)

- Sau khi t6 mau kiém tra xem alien c6 dudc danh déu in va cactus la out khong. Néu cé

thi thda man dé bai.
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Area 51, 8 x 8 Easy, 1-1-3
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2. Cac rang buoc va mo hinh héa bai toan

4. Ké’t q ua bai tOé n Area51 Puzzle: puzzle_2.json

Aliens must be INSIDE (blue), Triffids must be OUTSIDE (yellow)

Inside f:ence Outsidé fence : :
Area51 Fence Puzzle: puzzle-z ........ ............... .. ............... \ ........... . e L —
3 § | s e
@ ) ) : : : : POIN b
< : : : GU\CSFTEC,Y) :

« | e : ............... ............................. ......................

....................................

i ON ) : Po3
3 \(correcty : : :

\ﬁ-’

...........................................................................
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Thanks for watching
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