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(2) ~ EEVARET

L ERBBIRT
(1A HEHE RO, Y)Y SHUR RS2 5 A % CNF o

def xyVar(n, dMax, x, vy, d):
return dMax * (n * y + x) + d

(2) DA— 4 E AR (m) Y 7 =R RR (R 88 8 A %2 CNF o
def mvVar (dMax, m, d):
return dMax * m + d

2. /& Flow Free §8#a £ CNF
LDEHES
a. NEUE R
def getClauses (flowfree) :
b.Flow Free fy45#% -85
m = len(flowfree)
c.Flow Free fY77/%51#& T8
n = int(m ** 0.5)
d.Flow Free Y4&EA (184
dColor = 0
e.Flow Free (4452 (L8
dMax = 0
f.CNF clauses
clauses = []
O HEAABERIAKE:
terminalPoints = []
h.EE4A%h
beginPoints = []
LEEAAREHYBH
valBeginPoints
j AR BE R R A
idxBeginPoints
K. IR RIS Y LA

idxNonEndPoints = []

—
[

—
[

(QHUEwHREE
a. H{#5 Flow Free HY4EEA S
dColor = max (flowfree)
b.H{#5 Flow Free Hy4& 8 {L%]
dMax = dColor + 4
C.H#5 Flow Free fYREZATE ~ & CBAAR DLR I FE BRI A AT

for i in range(m) :
if flowfree[i] != 0:
terminalPoints += [mVar (dMax,
i ,flowfree[i])]

10



if flowfree[i] != 0 and flowfree[i] not in
valBeginPoints:
beginPoints += [mVar (dMax, i,
flowfree[i]) ]
idxBeginPoints += [1]
valBeginPoints += [flowfree[i]]
if flowfreel[i] ==
idxNonEndPoints += [i]
idxNonEndPoints += idxBeginPoints
idxNonEndPoints.sort ()

d.fH R H IR A BH CHIAS T8 A 2 CNF

for i in range(m) :
if flowfree[i] != O:
clauses += [[mVar (dMax, i, flowfree([i])]]

CNF : [[1], [34], [91], [100], [137], [164], [171], [178]]
(3% 8 i)

QR E
afg—R 2/ VEA—fEEE
for i in range (m):
clause = []
for d in range(l, dColor + 1):
clause += [mVar (dMax, i, d)]
clauses += [clause]

CNF : [ [1, 2, 3, 41, [9, 10, 11, 121, .., [193,
194, 195, 196] 1 (3= 251F)

b. & H A —TEEA
for i in range(m) :
for d in range(l, dColor):
for k in range(d + 1, dColor + 1):
clauses += [[-mVar (dMax, i, d), -
mVar (dMax, i, k)11

CNF : [[-1, -2], [-1, -3], ., [-195, -196]] (3t
150 {2)

. —{EIR&RIAE 2/ DB — (= U5 A
for i in idxNonEndPoints:
clause = []
for d in range(dColor + 1, dMax + 1):
clause += [mVar (dMax, i, d)]
clauses += [clause]

CNF : [[5, 6, 7, 81, [13, 14, 15, 161, .., [197,
198, 199, 20017 (3t 21{&)

11



d. g —{EFEEX B RS R RE A — (! 7]
for i in idxNonEndPoints:
for d in range(dColor + 1, dMax):
for k in range(d + 1, dMax + 1):
clauses += [[-mVar(dMax, i, d),
-mVar (dMax, 1, k)]1]

CNF : [[-5, -6], [-5, =71, .., [-199, —200]](/\
126 {[H)

e FR{EFEAATE BLE BT AP AT 2/ A — (HEL EAH R B A S

for terminalPoint in terminalPoints:

neighbors = []

dCell = (terminalPoint - 1) % dMax + 1 #
cell's color number

xCell = ((terminalPoint - 1) // dMax) % n
# cell's x coordinate

yCell = (terminalPoint - 1) // (n * dMax)

# cell's y coordinate
if xCell > O:
neighbors += [xyVar(n, dMax, xCell -
1, yCell, dCell)]
if xCell < n - 1:
neighbors += [xyVar(n, dMax, xCell +
1, yCell, dCell)]
if yCell > O:
neighbors += [xyVar(n, dMax, xCell,
yCell - 1, dCell)]
if yCell < n - 1:
neighbors += [xyVar(n, dMax, xCell,
yCell + 1, dCell)]
clauses += [neighbors]

CNF : [[9, 41), [26, 741, ..., [170, 186, 138]]
(3% 8 (1)

(B E BLES BAR AT L Ae A — (B AR R BR AR 1

for i in range (len(neighbors) - 1):
for 3 in range(i + 1, len(neighbors)):
clauses += [[-neighbors[i], -
neighbors[j]]]
CNEF : [[9, 411, [-9, -41], .., [-186, -138]] (/\

27 )

12



9. B EECRE AR B E T [ YRR B EAH [

for 1 in idxNonEndPoints:

Q

x =1 % n
y =1 // n
for 3 in range(l, dColor + 1):
if x > 0:

clauses += [[-xyVar (n,
dMax, x, y, dColor + 3), -xyVar(n, dMax, x, y, J),
xyVar (n, dMax, x - 1, vy, j)1]
if x < n - 1:
clauses += [[-xyVar (n,
dMax, x, y, dColor + 4), -xyVar(n, dMax, x, v, 3J),
xyVar(n, dMax, x + 1, vy, 3)11
if y > 0:
clauses += [[-xyVar (n,
dMax, x, y, dColor + 1), -xyVar(n, dMax, x, y, J),
xyVar (n, dMax, x, y - 1, 3)1]
if vy <n - 1:
clauses += [[-xyVar(n,
dMax, x, y, dColor + 2), -xyVar(n, dMax, x, y, J),
xyVar (n, dMax, x, y + 1, j)1]

CNE : [[-6, -1, 411, [-8, -1, 91, ..., [-199,

-196, 188]1] (3272 (F)

h. W (&A% A1 A A 2 ]
# up
for x in range(n):
for y in range(l, n):

clauses += [[-xyVar(n, dMax, x, y, dColor
+ 1), -xyVar(n, dMax, x, y - 1, dColor + 2)]]
# down
for x in range(n):
for y in range(n - 1):
clauses += [[-xyVar(n, dMax, x, y, dColor

+ 2), -xyVar(n, dMax, x, y + 1, dColor + 1)]]
# left
for x in range(l, n):
for y in range(n):

clauses += [[-xyVar(n, dMax, x, y, dColor
+ 3), -xyVar(n, dMax, x - 1, vy, dColor + 4)]]
# right
for x in range(n - 1):

for y in range(n):

clauses += [[-xyVar(n, dMax, x, y, dColor

+ 4), -xyVar(n, dMax, x + 1, y, dColor + 3)1]]

CNF : [[-45, -6], [-85, -461, ..., [-192,
19911 (3 80 )

13



i3 7 A A R SR

for i in range(n):

clauses += [[-xyVar(n, dMax, i, 0, dColor+l)]]
clauses += [[-xyVar(n, dMax, i,n-1, dColor+2)]]
clauses += [[-xyVar(n, dMax, 0, 1, dColor+3)]]
clauses += [[-xyVar(n, dMax,n-1, i, dColor+4)]]
CNE : [[-5], [-166], [-7], [-40], [-13], I[-

1741, [-471, [-801, [-21], [-182], [-87], I[-
1201, [-29], ([-1%0], [-127], [-1e60], [-37], I[-
1981, [-167]1, [-2001] (3% 20H)

J R T R BT e RS RE
for i in range(m) :

neighbors = [
xCell = 1 % n
yCell =1 // n
if xCell > 0: # flow right

neighbors += [mVar (dMax, i-1, dColor + 4)]
if xCell < n - 1: # flow left

neighbors += [mVar (dMax, 1 + 1, dColor+3)]
if yCell > 0: # flow down

neighbors += [mVar (dMax, i1 - n, dColor+2)]
if yCell < n - 1: # flow up

neighbors += [mVar (dMax, 1 + n, dColor+l)]
if 1 in idxBeginPoints:

]

for neighbor in neighbors:
clauses += [[-neighbor]]

CNF : [[-15], [-451, [-32], [-771, [-88]1, I[-
103]1 [_54]1 [_133]/ [_96]r [_lll]r [_62]1 [_
14171 (3% 12 i)

K EREIAHE 2/ D il — (848 -2 ]
else:
clauses += [neighbors]
CNF : [[8, 23, 53], [le, 31, 611, ..., [192,
15811 (3t 21 {)

14



| £ L AaTE H RE M — (s 151

for i in range(len (neighbors) - 1):
for j in range(i + 1, len (neighbors)):
clauses += [[-neighbors[i],
-neighbors([j]]]
return clauses, n, dMax

CNF : [[-8, -23], [-8, -53], ..., [-192,-158]]
(3 80 i)

3 HEHA i L R =
def printFlowLine (flowfree, solved, dMax, n):

letters = ['-', 'A', 'B', 'C', 'D', 'E', 'F', 'G', 'H', 'I',
'g', 'k', 'nL', '™m', '~N', 'o', 'p', 'Q', 'R', 's', 'T', 'U', 'vV',
W', 'x', 'y', 'z']

# l:up, 2:down, 3:left, 4:right

dirList = []

asclList = []

for y in range(n):

for x in range(n):

ascList += [0]
dir = 0
for d in range(dMax - 4, dMax) :

if solved[dMax * (n * y + x) + d] > O:
mod = solved[dMax * (n * y + x) + d] % dMax
if mod ==

mod = dMax
dir = 4 - (dMax - mod)
dirList += [dir]
if dir ==
dirList += [dir]

dirs = [u'\u2550', u'\u2551', u'\u2554', u'\u2557', u'\u2bb5a’',
u'\uz255d"']
for y in range(n - 1):

for x in range(n) :
if dirList[n * yv + x] == 2: # down

if dirList[n * (y + 1) + x] == 3: # left
ascList[n * (y + 1) + x] =5
if dirList[n * (y + 1) + x] == 4: # right
ascList[n * (y + 1) + x] = 4
if dirList[n * (y + 1) + x] == 2: # down
ascList[n * (y + 1) + x] =1
for y in range(l, n):
for x in range(n) :
if dirList[n * yv + x] == 1: # up
if dirList[n * (y - 1) + x] == 3: # left
ascList[n * (y - 1) + x] = 3
if dirList[n * (y - 1) + x] == 4: # right
ascList[n * (y - 1) + x] = 2
if dirList[n * (y - 1) + x] == 1: # up
ascList[n * (y - 1) + x] =1

15



for y in range(n):
for x in range(n - 1):
if dirList[n * y + x] # right

if dirList[n * vy + x + 1] == 1: #

ascList[n * yv + x + 1] =

if dirList[n * yv + x + 1] ==

ascList[n * yv + x + 1] =

if dirList[n * yv + x + 1] ==

ascList[n * yv + x + 1] =

up
# down

# right

O B W N W,

for vy in range (n):
for x in range(l, n):
if dirList[n * y + x] == 3: # left

if dirList[n * 1] == 1: #

ascList[n * yv + x - 1]

if dirList[n * 1] ==

ascList[n * v + x = 1] =

if dirList[n *

ascList[n * v + x - 1] =

y + x - up

O W N DN D

y + x - # down

y + x - 1] == ¥ left

for y in range (n) :
rowLine = "'
for x in range (n) :
if flowfreel[n * yv + x] != 0:
rowLine += letters[flowfree[n * y + x]]
else:
rowLine += dirs[ascList[n * y + x]]
print (rowLine)

SN ESEVE S
(L) A ZERERTRE H

flowfree =
4
4

14

S O O O

14

(1,

0,

w O w O

4

4

4

4

0,

NN P O

~

~

~

~

0, 2, \

O O O O
~ 0~
o O
~ 0~
~ =

~
(@]
-

(2)RFRE H 2 2 e B g e

clauses, n,

solvedFlowfree
if solvedFlowfree ==

dMax

getClauses (flowfree)
pycosat.solve (clauses)

'UNSAT':

print ("No Solution")
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