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o« JOJIviaFIILELTHDEEEREL. ER2IZITEILELLS
B#ZEIE-ETYSEFT

» EOCAMEEDFET
ETIVEEYEEET

» ETILIESUTILIZLELES

» WEDEFRENIE+HEIEEHYET

» ETIVEBERICTEILYEAREFIBIETELIENKRYITY
ZEZADE->TULVEMNE=6RYELES

= BIRERELFELLD

» ETILERRDODBERNSEBONDILONEETT

» BADHOTVBELHRELEITNIENTERA
BALTHMNEERLET

» RN BEIETERIHYET



HERE &I

o« HEZBILTIE, HEZ HIEETIL TRLT,. TNEMEFT
» BEEETIVIE, ERBICOUTIIEIIN—ILTH AL EEEE R TEET
» YT ITE VILIN EKUVFET
s BEDMEIFEADVILNEFIEELEHYETMN. RADYILNEFEIELZNTT
s SEFESYILAL FAYVILIATCBCELNSER DY ILINTT
» ETS—HpulplZiEYET

pulp& &

o PythonlZ&A5#BERELLETIIY—ILTT

Gurobi, CBC, GLPKAZ EBEH DYV ILINIMEZFET

A2V AR—JLIE, setuptoolsh¥dp I, leasy install pulp ] TY
['from pulp import *1 TH| A8

BSD 3-Clause License

pulpD B ET JLIERKL

o R, HIEETIL(LpProblem)ZERLET

o RIZ.HELGHTZIT. E#(LpVariable)ZEMLFET

o XIZ, BB % @ =X (LpAffineExpression)ZEMLEY
o %I, #%9(LpConstraint)ZEBMLET

pulp® #1132 E7 /L (LpProblem)

o« OVARKZ%%4 LpProblem(self, name='"NoName', sense=LpMinimize)
» name: HEETILE
» sense: &x/IME(LpMinimize)E =1L &K1k (LpMaximize)
» solve(solver)
= solverz AL\TREIEZ A<, solver&B&EF 1L, cbcz AL \4, GLPKDIZSE .
solve(solvers.GLPK())

In [1]: from pulp import *
LpProb | em[?)

pulp® % # (LpVariable)

o« OV ARKF%%4 LpVariable(self, name, lowBound=None, upBound=None, cat='"Continuous', e=None)
= name: Z#H %
= lowbound: TR
= upbound: EBR
» cat:F2%E
o LpContinuous: ;& £
o Lplinteger: B3 ZE
o LpBinary: /N F1)ZEE(0F(X1)



In [2]: LpVariable[?]

pulp® = (LpAffineExpression)
o EEFE ST x+2y D KSITVERLATRE
o RICEMNSEHEZEMT DL ETEE

pulp® | 5 (LpConstraint)

o EHEFEOTIx+y<=1 1D LS IZIERLATHE
o HIFIDEDIZERMNSIEZEMTHDELETEE

pulp® &< E5 B %k

o value(): EHDEZMYHLET

o IpSum():IEDFIZERHFT

« IpDot():2 2D YR FDAHFEERHET

o £ :http://mathopt.sakura.ne.jp/pythonpulp.html (http://mathopt.sakura.ne.jp/pythonpulp.html)

MM A0 T Fo =)o TRYF =) (THE/RX )L ITELY IE=a) O EFEIETT
H B8 — 1) http://www.nikoli.co.jp/ja/ (http://www.nikoli.co.jp/ja/)

FEBETEBYILIN—D—EFRT

In [36]: from pulp import *
def AvailableSolver (cls):
for ¢ in cls.__subclasses_ () :
try:
AvailableSolver (c)
if ¢c(O.available(): print(c)
except NotImplementedError: pass
AvailableSolver (LpSolver)

<class "pulp. solvers. GLPK_CMD' >
<{class 'pulp. solvers. PULP_CBG_CMD' >

ERERAOE#ZER(FRZEZDH)



In [1]: from __future__ import print_function
from pulp import *
i R
B ERETRIEREH
def addvar (s="v', cat=LpContinuous, n=[0]):
n[0] += 1
return LpVariable(s + str(n[0]), lowBound=0, cat=cat)

N ERERER

def addbinvar (s="v'): return addvar (s, cat=LpBinary)

[i]
HIMDEE=A 7
8
T—%4 (data/sudoku.txt) 5
4
Fl:ﬁ il a

o YRIZT1~9 DHFEEANTET

o it EELIXI<BICEACHFIEAVEEA

EX 1t
= v € {0,1} Vi, 5,k IR, jrr#Fk + 14 (1)
subject to Y vy, = 1 Vi, j #F@&12(2)
k
D vy =1Vi,j REEUBFEEV(3)
k

D vy = 1Vi, j RICAUBZEEV(4)
k
3 X 3ORAIHVWTERAH#(D)

B (6)



In [2]:

r3, r9 = range(3), range(9)
m = LpProblem()
v = {(i, j, k):addbinvar() for i in r9 for j in r9 for k in r9} # (1)
with open(' data/sudoku. txt’) as fp:
for i in r9:
s = fp.readline()
for j in r9:
if s[j]. isdigit(:
m+= v[i, j, int(s[j]) - 11 =1# (6)
for i in r9:
i0, j0=1i//3 i%3
for j in r9:
m += IpSum(v[i, j, k] for k in r9) =14%# (2)
m += lpSum(v[i, k, j1 for k in r9) =1# (3)
m += IpSum(v[k, i, j] for k in r9) =11# (4
m+= lpSum(v[i0 * 3 + i1, jO % 3 + j1, j] for i1 in r3 for j1 in r3) ==

# (5
%time m.solve()
for i in r9:

for j in r9: print(sum(k * int(value(v[i, j, k1) + 0.5) for k in r9) + 1, end
=)
print ()
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11

hyoODBEEA 5

14

10

T —24 (data/kakkuro.txt) 17
B
ik

(]

n
¢ YRIT1~9 DHFEANTT

o MEFEEITHEISERIDETADRICEALHFIEIAVEEA

o ERTEIVADARIHAREINFET

E X1t

=8 v € {0,1} V4, 5,k  RR6, jrEFk 4 16 (1)
ri; € ZVi,j R, jOBF(2)

subject to Y vy =1Vi,j BFE1D(3)
k

Y Exvg+1=ryVi,j reveRE(4)
k

Y =&Y, j  IAOAHFELU(5)
ij
RAQEVTRALUHKFIEEL(6)




In [3]:

with open( data/kakkuro. txt') as fp:
nw, nh = [int(s) for s in fp.readline().split(, )]
rw, rh, r2, r9 = range(nw), range(nh), range(2), range(9)
ch = [fp.readline() for i in rh]
hh = fp.readlines()

m = LpProblem()
v = {(@, j, k):addbinvar() for i in rw for j in rh for k in r9} # (1)
r = {(i, j):addvar('r’) for i in rw for j in rh} # (2)
cnt = -1
for j in rh:
for i in rw:
if ch[il[j] 1= "%":
m += IpSum(v[i, j, k] for k in r9 =14%# (3)
m+= IpSum(k * v[i, j, k] for k inr9) + 1 =r[i, j1# 4
continue
cnt += 1
nn = [int(t) if t. isdigit() else =1 for t in hhlcnt].rstrip(¥n').split(
¥¥')]

for drc in r2: # #t& 48
if nnldrec] < 0: continue
X, y=1, ]
[ =[]

while True:

X, Yy=x+drc, y+1-drc
if Xx=nwor y==nhor chix][y] == "*": break
|. append ((x, y))
for h in r9:
m += IpSum(v[x, y, h] for x, y in |) <=1 # fivTRIL%%KII1D (6)
m += IpSum(r(x, yl for x, y in I) == nnldrc] # S&tHAZHLLY B)
%time m.solve()
for j in rh:
for i in rw:
print (%" if ch[jl[i] == "% else "%d" % int(value(r[i, jl) + 0.5), end=
)
print ()

Wall time: 53 ms

*
%
2
1
*
*



DOCOTDESH

T—4 (data/nonogram.txt)

EifE
. BBTOE. BHIIOLIZHIHFE. ZOTEODTEGL TEEIATADHERLES
o 1DOFGE)HLTHENERHDIEE L. HFOLHY e e e
IBE BYIZZDEEO R HESEL TEEYES AENLY
- 1 2OFGCHLTRFNEHHZBEE. TOMF [ ]
METRIADEHOBIIIRLUEOBIR(BSHL 77T M
TR) MAYFET S i
k-t
R L T
E 1k &
)
N
I.. _.I- Bt
EHE:
 FRiER SREE
A N
I_ _I_ _|_ o

EH v;; € 10,1} Vi, j R4, jr @ E>51(1)
r € {0,1} Vk, fiE @8 RELGHESCCEBEEORBERIN ESH(2)
subject to ) 7 = L VRIEERM BELEMT L ICRBOTA512(3)
k

BREBALSIAOBRERDEY) (4)



In [4]:

def baselist(i, j, k): return [0] * i + [1] * j + [0] * K
def makelist(n, 1):
p = I[-1]
if len(l) == 1:
if n<p: return None
return [baselist(i, p, n—-p - i) for i in range(n - p + 1)]

[l = 1[:-1]
s =sum(ll) + len(ll) =1
return [j + baselist(1l, p n—-p-s—-i-1) ¥

for i in range(n — p —s) for j in makelist(i +s, [I)]
def do(m, v, fp, isw, nl, n2):
for i in range(nl):
ss = [int(s) for s in fp.readline().split(, )]
| = makelist(n2, ss)
r = [addbinvar (' r’) for ¢ in 11 # (2)
m+= lpSum(r) == 1 # (3)
for j, ¢ in enumerate(l):
for k, b in enumerate(c):
v = v[i][k] if iswelse v[k][il]
m+= (1 -2xb) xvw<=1-b-r[jl# 4
m = LpProblem()
with open(’ data/nonogram. txt’') as fp:
nw, nh = [int(s) for s in fp.readline().split(,’)]
v = [[addvar ) for i in range(nw)] for j in range(hh)] # (1)

do(m, v, fp, True, nw, nh)
do(m, v, fp, False, nh, nw)
%time m. solve()
for j in range(nh):
for i in range(nw):
print (. %" [int(value(v[iJ[j]) + 0.5)], end=" ")
print ()

Wall time: 266 ms

Lok Lk ok ok ok %
Lok ok ok ok ok, kX
* .k ok | ok
I
* %k k ok ok Kk
¥ . ok ok ok ok ok | %
* ok k . .k ok ok %
* *



EMEDNRESH

T—24 (data/museum.txt)

[ 8
¢ BRYRIZASTORRTFIE. ThERET DHBABORAIODEIRICAZoNHERLET

o BEAL, EOIYANGETEAICBYANIRICSONGETTHEHRZER
BLET

o MOICIXBOIELEITEFEEA

o« EOBBICERLINTIVEVLRTANH>TIEWNTEEA

o BMBADHAHITRAEIMDBATRERLSNTIEVTEEA

24
o VEIRIZREAZHENES, (1)

il %9

e AYRADMUDHTHEAKIDUT (2)

o BIYXIF1DULDEBEATELINSIE (3)
s MFORAYVICRILEDIEE (4)

o BFICHBAIXEITEL (5)



In [5]:

with open( data/museum. txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(, )]
rw, rh, r2 = range(nw), range(nh), range(2)
ch = [fp.readline() for i in range(nh)]

m = LpProblem()
v = [[addbinvar (v') for j in rh] for i in rw] # (1)
e = [[LpAffineExpression() for j in rh]l for i in rwl]

Ist = []
def addlist(s, i, j, X, v, ¢): # BXRADHLUEIRT
for k in range(len(s)):

if s[k] ==".":

c.append ((i + x * k, j +y *k))
else:

if len(c) > 1: Ist. append(c)

¢ =[]

for j in rh: addlist(ch[jl, 0, j, 1, 0, [1)
for i in rw: addlist([ch[jI[i] for j in rh] + [¥n'], i, 0, O, 1, [1)
for | in Ist:
m += lpSum(v[x][y] for x, y in I) <=1# (2
for x, y in |: e[x][ly] += IpSum(v[p]l[a]l for p, q in I)
def dirs(i, j):
return [v[i + x —yl[j +x+vy —-1] for x in r2 for y in r2 ¥
ifO0<&=i+x-y<nwand 0<& j+x+y-1<nh]

for j in rh:
for i in rw:
if ch[jI[i] =".":
m+=-elillj]l >=14# Q)
else:

m += V[I][J] =0 ¢ (5)
if ch[j1[i].isdigitQ:
m += IpSum(dirs(i, j)) == int(ch[j][i]) # (4)
%time m.solve()
for j in rh:
for i in rw:

print(ch(jl[i] if ch[jl[i] !'="." else "+ if value(v[il[j]l) > 0.5 else’

",oend=" )
print ()

Wall time: 38 ms
o+ #



FUON—=)ODBRER

F—24 (data/numberlink.txt)

[ =B
o BIRIZIF2DULDEBRASTIEVWNTEEA
o BERLZHBEILAXRHHTIIWNTELA

%5
e VEDRATDIAVIZEENSD (1)

o VhiKFEIZHIMNEIH (2)
o WIEEIZHDIZNEIH (3)

il %9

o MREREMNEEDSAIVIZEENDIL (4)
o MRERKIXIKREITHSIE (B)

s MREBERALUNDEIRIERSINDIDIE, 0OKN2K (6) - /NAFVEHKEL TRERATHE !

. B, WO FERLIZEBIE (7)




In [6]: with open(’ data/numberlink. txt') as fp:
nw, nh = [int(s) for s in fp.readline(.split(,’)]
rw, rh, r2 = range(nw), range(nh), range(2)
ch = [fp.readline() for i in range(nh)]
m = LpProblem()

vr = [[addvar (' r’) for j in rh] for i in rwl # (1)

vh = [[addbinvar (h’) for j in rh] for i in range(nw - 1)1 # (2)
vv = [[addbinvar (h') for j in range(nh - 1)] for i in rw] # (3)
def dirs(i, j):

return [vhli = kl[j] for k inr2 if 0<&=i-k<nw-1] + ¥
[wilillj — k] for kinr2 if 0< j-k<nh-1]
for i in rw:
for j in rh:
s =dirs(i, J)
if ch[j][i]. isdigit(Q:
m+= vr[il[j] == int(ch[jI[iD) # (4
m+= IpSum(s) == 1 # (5)
else:
#m += IpSum(s) == 2 * m.addbinvar ) # inefficient (6)
m += |pSum(s) <= 2 # (6)
for k in range(len(s)):
m += lpSum(s) >= 2 * s[k] # (6)
ifi<nw-1:

m+=vr[il[j] <= vrli + 1101 + 10 % (0 = vh{illjD) # (D
m+=vrli + 11[j] <= vr[il[j] + 10 * (1 - vh[i1[j1) # ()
if j <nh-1:
m+= vr[il[j] <= vr[il[j + 11 + 10 % (1 = wlil[JD) # @)
m+=vr[il1[j + 1] < vrlil[J] + 10 = (0 - wlil[JD # (D)
%time m.solve()
for j in rh:
for i in rw:
sys. stdout. write ( %d%c’ % (value(vr[il[jl), "= if

i <nw -1 and value(vh[il[j]) >= 0.5 else ' "))
if j ==nh-1: break
sys. stdout. write (' ¥n')
for i in rw:
sys. stdout. write("%c "~ % (| if value(vw[il[jl) >= 0.5 else ' "))
sys. stdout. write (" ¥n')

Wall time: 74 ms
1-1-1 2-2-2-2



EEHEOBEA

T—24 (data/fukumen.txt)

fis] =8

o BREEEXOMLIFTOHFEDIIIHIGLET
» FECEBICIIRCEEL,HIELET
» B EFOMIFOIZHEYERA

24

o VEMBTEDHRFEMESH (1)
e NBEEDIHIDEE (2)
o qNWHTDEZF (3)

il %9

. v ATHFIFT1DO0H (4)

o rZVvCHRI (5)

o ZZHIX0. F£EEIXOTAELY (6)

o« RILXFIIRLHTF. EINXNFITESIHF (7)
« qZrCTxRH: (8)

o qDmRBLUSNDEEL. qDREEFLL (9)

SEND 9 567
MORE 1 085
MONEY 1065 2



In [7]1: with open( data/fukumen. txt’) as fp:
lines = fp.readlines()
lines = lines[:-2] + [lines[-1]]
nw, nh = len(lines[0]) - 1, len(lines)
rw, rh, r10 = range (nw), range(nh), range(10)
LpProblem()
[[[addbinvar ( v') for k in r10] for j in rh] for i in rw] # (1)
[[addvar (' r’) for j in rh] for i in rwl # (2)
[addvar (g’ ) for j in rh] # (3)
= {}
jin rh:
e = LpAffineExpression()
fst = True
for i in rw:
lines[j][il]
e * 10 + r[i][j]
+= IpSum(v[il[jD) =1 # (4
+= |pDot (r10, v[il[j]) == r[il[j]l # (5
fe=""
m+= v[i][j]1[0] == 1 # (6)
else:
if ¢ indic:
m += IpDot(r10, v[il[j1) == IpDot(r10, diclcl) # (7)
else:
dicle]l = v[il[j]
if fst:
fst = False

m+= v[i][j]1[0] == 0 # (6)
m+=e == qlj] # (8)
for i, t in dic.items():
for j, u in dic.items():
if i <j:
for k in r10:
m+= t[k] + ulk] <=1 # (7)
m += |pSum(a[:-1]) == q[-1] # (9)
%time m.solve()
for j in rh:
if j==nh-1:print(-" * (nw*2-1))
for i in rw:
print(%d % value(r[i][jl), end=" ")
print()

= O I 1 mnn

o —

— 3 3 0o O



rEXOHEERH

T—74 (datal/inequality.txt)

[ RE

. gavRERpeEToMFEs oL [ [1] [ 3] ][5 [ [z [3] [4
FAVES

- BHEABLUEHSICERLEFAAY [ | [3]< | ] ] [a [3 <[s] [1] [2]
FEA

- BFETH2OOVREOMISFESSH | (<[ | | ] 5| (3 <[a] [1] [2] [s]
58, TNODOIABICABEFIEF V A v A
sE0RTAMIGRESssnEn 2] [ ] ] ] ] [z [5] [3] [a] [1]
FTFEEA A A A A

<[ =<[al<[]>_1 [ <[2]<[4]<[s]>[3]
ZH

o VIBGIBEMNEDEFI (1)
s BREDHEF (2)

il %9

s Vi [F1DDHFDH (3)

o rZVCxRI (4)

o HMEFEEIFHEICRCHFNAVEEA (5)

o HMFEMEEINTLWNIL, ZTOEFIZEHZE (6)
o FEELHNIL. TOEFRER-ITIL (7)



In [8]: with open(’ data/inequality. txt’') as fp:
n = int(fp.readline())
rn = range (n)
lines = fp.readlines()

m = LpProblem()
v = [[[addbinvar ( v') for k in rn] for j in rn] for i in rn] # (1)
r = [[addvar (' r’) for j in rn] for i in rn] # (2)
for j in rn:
for i in rn:

m+= IpSum(v[il[j]) == 1 # (3)
m += IpDot(rn, v[il[j]) + 1 ==rlilli] # (4
m += lpSum(v[i][k][j] for k in rn) == 1# (5)
m += lpSum(v[k][il[j] for k in rn) == 1 # (5)
c = lines[j * 2][i * 2]
if c. isdigit():
m+=v[il[jI[lint(c) - 11 =1 # (6)
for j in range(n - 1):
for i in rn:
¢c = lines[j * 2 + 1][i * 2]
ifec="N:m+=r[il[J] <=rlillij+11-14%
elif c="V:im+=r[illj]l >=r[llJ+11 +1# D
for j in rn:
for i in range(n - 1):

¢ = lines[j * 2][i * 2 + 1]
if c="<:m+=r[il[Jj] <=rli +110]1 -1# ()
elifc=">:m+=r[illj] >=rli + 1001 +1# (D
%time m.solve()
for j in rn:
for i in rn:

print (%d % sum((k + 1) * value(v[il[jl[k]) for k in rn), end=" '

print ()
all time: 53 ms

—“NWh o=
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534
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33 3 3

T S - 2|5(1]3]4
t)bT{/?l\X)bo)ﬁtF%ﬁ 5 sldl312]14
F—4 (data/building.txt) 2 il 1 e b
b 3 1125145

_ 2 31452
FI:HLE 5 1T 3 5 1 3

o BEFIXZFDOIRIZAITHONBEILDESIERLET

o BRITICRCHMFIIAVEEA

o BHEAICRCHMFIEIAVEEA

o BEDNUDHFIEIZOHFOENINTWVSIGIHNSBREEZBDI-EEICRICHET(EITHINIZRZ
BEILDOEERLET

%4

e VIBRIEMNEDZTEH (1)
s NBFHRENDEE (2)
s WEAMANDEFDHLEFIZEIZ (3)

il %9

. VlE ADDEEDH (4)

e rZzvCTxIE (5)

o WEEIEBIZALEIHEE (6)

o LTFEEMNCREEZICUDEENTETF-11(THEDE, B<EAHEEITU==1ELET) (7)

By L2 = in



In [9]: with open(’ data/building. txt’) as fp:
n = int(fp.readline())
rn = range (n)
lines = fp.readlines()
= LpProblem()
= [[[addbinvar (v') for k in rn] for j in rn] for i in rn] # (1)
= [[addvar (' r’) for j in rn] for i in rn]l # (2)
ef add(m, ¢, p, a, X, y):
if not c.isdigit(): return
k = int(c)
u = [addvar Cu') for i in range(n - 1)] # (3)
m+= IpSum(u) == k - 1 # (7)
vmx = r[p] [q]
for i in rn:
vix = rfp+x*x i +x]lg+y*i+y]
m+=vmx + n*xuli] >=vnx + 1 # (7)
m+=vmx + 1 <=vnx +n-n=*ulil # ()
if i =n-2: break
vitm = addvar ()
m += vmx <= vtm # (7)
m+= vnx <= vtm # (7)
vmx = vim
for j in rn:
for i in rn:
m+= lpSum(v[il[j]) =1 # (4)
m += IpDot(rn, v[il[j1) + 1 =r[il[j]l # (5
m += lpSum(v[i]l[k][j] for k in rn) == 1 # (6)

m += IpSum(v[kI[i]1[j] for k in rn) == 1 # (6)
add(m, lines[0][j + 1], j, 0, 0, 1)
add(m, lines[n + 11[j + 11, j, n—=1, 0, -1)
add(m, lines[j + 11[0], 0, j, 1, 0)
add(m, lines[j + 11[n + 1], n -1, j, -1, 0)
%time m.solve()
for j in rn:
for i in rn:
for k in rn:
if value(v[i][jl[k]) > 0.5: print(k + 1, end=" ")

o =S < 3

print ()
me: 1.27 s



4 a =1

DA 4 4
DA—ILATYID@RES T
T—24 (data/wall.txt) 1 IERRIEIE
1 y |1 !--'-'- *
-:——3 o

5] =8

o HMEMNRBASNTVNBIANSFDHFEDKIE TR EIEITIRESIEET
o 1DDTRICIFNADIELNEIKZENTEF A

s HFMNRASNTNETRICIEIRESIKTENTEFEA
g

o VIBHMEDEDHRA (1)

s NFMEDHRAGERS (2)

il %9

o BFELAHNIE. ARFRESOFMIZHELL D DOZDRMEIZKRENALENIE (3)
o WEARITAIEREMF1AREDH (4)
o BFEINLBTNEREODARICRESZE1IRTIE (5)




In [10]: with open( data/wall.txt’) as fp:
nw, nh = [int(s) for s in fp.readline(.split(,’)]
mx = max (nw, nh)
rw, rh, r4 = range(nw), range(nh), range (4)
ch = [fp.readline() for i in range(nh)]

m = LpProblem()
v = [[[addbinvar (v') for k in r4] for j in rh] for i in rw] # (1)
r = [[[addvar (' r") for k in r4] for j in rh] for i in rw] # (2)

drc = [(-1, 0, 0), (O, -1, 1), (0, 1, 2), (1, 0, 3)]
def sumdir (i, j):
return IpSum(r[i + xJ[j + yl[k] for x, v, k indrc if i + x inrwand j +vy

in rh)
for j in rh:
for i in rw:
if ch[j][i]. isdigit(Q:
m += sumdir (i, j) == int(ch[j1[i]) # (3)
for k in r4:
m+=rli]l[jl[k] == 0 # (3)
else:

m+= lpSum(v[il[j]) == 1 # (4)
for x, y, k in drc:
m+= r[i]0J1[k] <= mx * v[i][jI[k] # (5)
ifi+xinrwand j+vy in rh:
m+=r[i1[j1k] <= v[il[jI0k] + r[i + x1[j + y1[k] # (5)
else: m+=r[i]l[jl1[k] <= v[il[jl1[k] # (5)
%time m.solve()
for j in rh:
for i in rw:
if ch[jI[i]. isdigit(:
print(ch(jl[i], end=" ")
else:

print ( LUDR' [sum(k * int(value(v[il[j][k])) for k in r4)], end=" ")
print()



| 13l | | [rlaief3]1]z]

STy A 7 HEEERREEIA N
RENRDIES T3 BN 'a| |a]3i2[1]54]
T—4 (data/ripple.txt) 3. | [a] | 3.2[1[4[1]3
[ _ Lo | 2 ]4frf3in

e 8 12 | 1[s1213[1]2

o BEEBEDTRIZIFNINOSFDEHERDIAMETOHE1I DT ODANET
o« FILHMFZRICHETT. FIERLMIIZANDSGZES . HFLEBFORICZTOHFLERLHBULDOTIEMN
HLTIRBYFEREA

EH
. VEGEAREOHEN (1)
. RERBORT (2)

il %9

o BELABNIIE. FOHF (3)

o BFIF1DODH (4)

o rEvCHRIE (5)

e NYRLUAIZ2DLULEDEFnITZNIE (6)
o BHMEATREICHFITALIE (7)



In [11]: with open( data/ripple. txt’) as fp:
nw, nh, nr = [int(s) for s in fp.readline().split(,")]
ch = [fp.readline() for i in range(nh)]
rms = [[eval (s.replace("=", ',’)) for s in fp.readline().split(,’ )] for i in
range (nr) ]
na = max(len(rm) for rm in rms)
rw, rh, ra = range(nw), range(nh), range(na)

m = LpProblem()
v = [[[addbinvar (v') for k in ra] for j in rh] for i in rw] # (1)
r = [[addvar (r’) for j in rh] for i in rw] # (2)

def dirs(i, j, k):
for | in range(1, k + 2):
if i+ 1 <nw:yield v[i + 11[j][k]
if j+1 <nh:yield v[il[j + 1]1[k]
for j in rh:
for i in rw:
if ch[j][i]. isdigitQ:
m+= r[i][j] == int(ch[jl[i]) # (3)
m+= IpSum(v[il[j]) == 1 # (4)
m += IpDot(ra, v[il[jl) + 1 ==r[il[j] # (5)
for k in range(1, na):
m += IpSum(dirs(i, j, k) <=2 x*x (1 - v[il[jllk]) # (6)
for rm in rms:
for k in range(len(rm)):
m += lpSum(v[il[jl[k] for j, i inm =14# (1)
%time m.solve()
for j in rh:
for i in rw:
print (int(value(r[il[j]) + 0.5), end=" ")
print
58 ms

all tim

“ NWRErN—==
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ime:
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FUN—RATILENODEEEA

F—24 (data/nskeleton.txt)

fix] =8

o« 1DMOATRIZIFOMNGIZFTOHFMN1DILEITAVET
ERLIZBIYRADEFEDLITFEHE BRA NIz —D1DIHBYETS
BFUON—IFZFDELSIZLT—ELMEEFEA,

» BERAEMICHLHEHZLE-BIANSELCFUN—ITHFEEA
BEzonf-FonN—I&TEROFRIZEONMFET

12 149 2419
19 249 9192
41 441

94 942

2 4|9 9
4 4 4 1
d A B
94 1|2

11419




In [12]: from collections import defaultdict
with open(' data/nskeleton. txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]
rw, rh, r10 = range(nw), range(nh), range(10)
ch = [fp.readline() for i in range(nh)]
cands = fp.readlines()
dic = defaultdict(list)
for cand in cands:
k = len(cand. strip())
dic[k]. append ([int (cand[i]) for i in range(k)])
pos = defaultdict(list)
def addpos(i, j, x, y):
while True:
while i < nw and j < nh and ch[j][i] ="

L, J=0+Xx J+y

if i == nw or j == nh: break

k =1

while i + x*xk <nwand j+y*k<nhandch[j+yx*xKk][i +x*Kk] ="
"k =1

if k> 1:

pos[k]. append([(i + x * h, j +y * h) for h in range(k)])
i, j=i+xx*xk j+yxk
for i in rw: addpos(i, 0, 0, 1)
for j in rh: addpos(0, j, 1, 0)
m = LpProblem()
v = [[[addbinvar () for k in r10] for j in rh] for i in rw]
r = [[addvar () for j in rh] for i in rw]
for j in rh:
for i in rw:
m+= lpSum(v[il[j1) == (1 if ch[jl[i] =="." else 0)
m += |pDot(r10, v[i][j]) == r[i][J]
for k, cnds in dic. items():
pss = pos[k]
nc = len(cnds)
rc = range (nc)
assert (len(pss) == nc)
a = [[addbinvar () for g in rc] for h in rc]
for h in rc:
m += |pSum(alh]) ==
m += |pSum(alg] [h] for g in rc) ==
ps = pss[h]
for g in range (k) :
i, J = pslgl
for f in rc:
m+= r[i][j] <= cnds[fllg] + 9 *x (1 - alh][f])
m+=r[i][j] >= cnds[fl[g] - 9 *x (1 - al[h][f])
%time m.solve()
for j in rh:
for i in rw:
print(*x" if ch[j][i] == "% else "%d" % int(value(r[il[j]) + 0.5), end=
")
print ()



Wall time: 62 ms

249%9
4 x4 41
1 %2 %9
94 %12
* 149 %
K M N lﬁl._‘f 3
N R B .
RF— L DRE S S L e 5
28 o0z Za&a | o=
F—4 (data/slither.txt) 0, oa .., 003 |
..... o .. ...].0
JE: - It S = D )

fix] =8

o BOMZEBTONE, —DDWHmEHEYET
s HFII. FEOEOBIZHFLNIL
o —DMDEMNLHAIEDEIIOMN2E%BHTE

EAN
. BABEATTA AALLTEZES
« HFDINHIAFHALLET BTBYED)

g

« vh:0:to left, 1:to right (1)
» vv:0:to down, 1:to up (2)
o vZ:IERMLDEREE (3)

il %9

o BEFEAHNE KHOHIZELNE (4)

o REIDAEZEEL1D (5)

o BRLUSME, RENAHALITEERENIEDOLET (6)
o IREDIEREFO (7)

o BEREIE. £ERBLT (8)

o ADEEIFIZILLT (9)

o ADEEHAMIFRLIZEASIE (10)



In [13]:

with open( data/slither. txt') as fp:
nw, nh = [int(s) for s in fp.readline(.split(,’)]
M= (w+1) % (nh+1) -1
rw, rh, rwl, rhl, r2 = range(nw), range(nh), range(nw + 1), range(nh + 1), rang
e(2)
ch = [fp.readline() for i in rh]
m = LpProblem()
vh = [[[addbinvar () for k in r2] for j in rh1] for i in rw] # O:to left, 1:to rig
ht (1)
vv = [[[addbinvar () for k in r2] for j in rh] for i in rwl] # O:to down, 1:to up
(2
vz = [[addvar ) for j in rh1] for i in rwl]l # (3)
def dirs(i, j, k):
return [vhli = IJ[jIlk " 1] for | inr2 if0<=1i-1<nw] +¥
[vwlillj - 11k = 1] for | inr2 if 0 <= j - | < nh]
for i in rw:
for j in rh:
if ch[jI[i] 1=".":
m += lpSum(vh[il[j + k][] + vv[i + kI[JI[I] for | in r2 for k in r2)
== int(ch[jl[i]) # (4
if ch[jI[i]l =="3: fx, fy =i, j
m+= vz[fx][fy]l] == 0 # (7)
for i in rw:
for j in rhi:
m += lpSum(vh[i][j]) <=1 # (5)
m+=vz[i][j] + 1 <=vz[i + 11[j] + M * (1 - vh[i]l[j1[0]) # (6)
if (i, J) 1= (fx, fy):
m+=vz[i + 1][j] + 1 <= vz[i][jl + M= (0 - vh[il[j101]) # (6)
for i in rwl:
for j in rh:
m += IpSum(vv[i][j]) <=1 # (b)
m+=vz[i][j] + 1 <= vz[il[j + 11 + M* (1 - vw[il[j1[0]) # (6)
if G, ) 1= (fx, fy):
m+=vz[i][j + 1] + 1 <=vz[il[j] + M= (O - w[il[JI01D) # (6)
for j in rhi:
m+= vz[i][j] <=M # (8
din =dirs(i, j, 1)
dout = dirs(i, j, 0)
m += |pSum(din) <=1 # (9)
m += |pSum(din) == |pSum(dout) # (10)
%time m. solve()
for j in rhi:
sys. stdout. write( )
for i in rw:
sys. stdout.write("'— " if (value(vh[il[jI1[0]) + value(vh[i]l[jI[1])) > 0.5 el
se ' )
sys. stdout. write (' ¥n')
if j = nh: break
for i in rwl:
sys. stdout. write(' |” if (value(w[il[j1[0]) + value(vw[il[j1[11)) > 0.5 el
se ")
if i < nw: sys.stdout.write(ch[jI[il)
sys. stdout. write (' ¥n')



Wall time: 1.71 s
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mAEICYINDEET o o | ]'

F—% (data/square.txt) | ] e l@
6 ©

fi5] &8

s BEAEBFEIDT OELCRAWMICHEILFET
s BFIFMNTADERZEIELE-RAMDEREICEHRIICLES

%

o V:EMEAREHENESIM (1)
o VIEHDEND (2)

il %9

. VIZ1IDDEEDH (3)
o VIX1DDIEHDH (4)
o VID1DZEBALEL, TOMEDZTDEREILT (5)



In [14]:

with open( data/square. txt’) as fp:
nw, nh = [int(s) for s in fp.readline(.split(,’)]
rw, rh = range(nw), range (nh)
ch = [fp.readline() for j in rh]

tgt = [(i, j, int(ch[j]1[i])) for j in rh for i in rw if ch[j1[i].isdigit(]

nm = len(tgt)
m = LpProblem()
= [[[addbinvar ) for k in range(hm)] for j in rh] for i in rw] # (1)
for j in rh:
for i in rw:
m+= IpSum(v[il[j]) == 1# (3)
def make(h, pi, pj, na):
st = []
for i in range(1, na + 1):
j=mna//i
if i *x j<na: continue
for x in range(i):
if pi =x<0or pi —x+1i2>nw: continue
Ix = range(pi — X, pi — X + 1)
for y in range(j):
if pj-y<0or pj-y+ j>nh: continue
ly = range(pj -y, pj -y + J)
Ist. append ([v[dx] [dy][h] for dy in ly for dx in Ix])
return Ist
for h, (i, j, k) in enumerate(tgt):
Ist = make(h, i, j, k)
vl = [addbinvar () for Il in Ist] # (2)
m += IpSum(vl) == 1 # (4)
for I, Il in enumerate(lst):
for t in II:
m+=vI[l] <=t # (5)
%time m.solve()
for j in rh:
for i in rw:

print (' %d" % sum((k + 1) * value(v[il[jl[k]) for k in range(nm)), end=" "'

)

print ()
Wall time: 63 ms
111222
334466
334466
335566
777888
777888



=L DEBES ¢ 8

T—24 (data/mashu.txt)

[

55 . 11

REHESE, TATOBEALBALED 1 DOBEEVET T
RIEETIANTRADRRERY AT RINALFBBTEET

WMETIDHHLEY REPESMINSEYLTEVTFEEA
BAZESRIT. BADYATRIEEL, BADEBEOIADDLELELAATEAICHNYEY
BAZELHRIE. BADIATRS EAICHNYETA. BADBEDOTRATHA>TIENTEEA

=

vZ: IR m M S D EEEE (1)
Vh:IKEHRZSIKMEIH (2)
w: EEHRESIKHNESIH (3)
vhd:0:to left, 1:to right (4)
vvd:0:to down, 1:to up (5)

il %9

vZIEM(T RE) LT (6)
BIZAZDX1LT (7)
RICASEEHDEUIFLLEDIE (8)
oMK, eDEH (9)

vZOEHFH K, vh, vwZvhd, wd TR (10)

In [15]: with open(’ data/mashu. txt') as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]
M=nw*nh-1
rw, rh, rwl, rhl, r2 = range(nw), range(nh), range(nw — 1), range(nh - 1), rang
e(2)
ch = [fp.readline() for j in rh]
m = LpProblem()

vz = [[addvar () for j in rh] for i in rw] # (1)

vh = [[addvar () for j in rh] for i in rwl]l # (2)

vv = [[addvar ) for j in rh1] for i in rw]l # (3)

vhd = [[[addbinvar () for k in r2] for j in rh] for i in rwl] # O:to left, 1:to ri
ght (4)

vvd = [[[addbinvar () for k in r2] for j in rh1] for i in rw] # 0:to down, 1:to up
)

def dirs(i, j, k):
return [vhd[i - 11[jI[k = I] for I inr2 ifO0<=i-1<nw-1] +¥
fvwdl[il[j = 11k ~ 1] for I inr2 if0<=j-1<nh-1]
for i in rw:
for j in rh:
m+= vz[i][j] <=M # (6)
din = dirs(i, j, 1)
dout = dirs(i, j, 0)
m += |pSum(din) <=1 # (7)



m += |pSum(din) == IpSum(dout) # (8)
if ch[jI[i] == "0":
fx, fy =i, j
m+= lpSum(dirs(i, j, 1)) == 1# (9)
if1<&=i<nw-1:
m += vh[i - 11[j] == vh[i]l[j] # (9)
if2<&=i<nw-2:
m+= vhli = 21[j] + vhli + 1]1[j] <=2 - vhlil[j] # (9)
if 1<=j<nh-1:
m+= vwlillj - 1] = wilill[j]l # (9)
if 2<=j<nh-2:
m+=vv[i][j - 2] + vwl[illj+ 1] <=2 - wlillj]l # (9
elif ch[j][i] == "%":
m += lpSum(vh[i = I1[j] for I inr2 if 0<&=i-1<nw=-1) =14%# (9
if 0<=1i - 2:
m+= vh[i - 11[j] <= vh[i - 21[j1 # (9)
ifi+1<nw-1:
m += vh[i][j] <= vhli + 11[j] # (9)
if 0<=j-2:
m+= vwlillj - 11 <= wlillj - 2] # (9
if j+1<nh-1:
m+= vv[i][j] <= vwlillj+ 1] # (9
for i in rwl:
for j in rh:
m += IpSum(vhd[i1[j]) == vh[il[j] # (10)
m += vhlil[j] <=1 # (10)
m+= vz[i][j] + 1 <=vz[i + 11[j] + M * (1 - vhd[i][j1[0]) # (10)
if (i, J) 1= (fx, fy):
m+=vz[i + 1][J] + 1 <= vz[i]l[j] + M * (0 - vhd[i]l[j1[1]) # (10)
for i in rw:
for j in rhi:
m += IpSum(vvd[i]l[j]) == v[il[j] # (10)
m+=vvli][j] <=1# (10)
m+= vz[i][j] + 1 <= vz[i][j + 1] + M * (1 - vwdlil[jl[0]) # (10)
if (i, §) 1= (fx, fy):
m+=vz[i][j + 1] + 1 <=vz[il[j] + M*x (O - wdlil[j101]) # (10)
%time m.solve()
for j in rh:
for i in rw:
sys. stdout. write (' +")
ifi<nw-1:
sys. stdout. write("=" if value(vh[il[j]) > 0.5 else ' ")
sys. stdout. write (" ¥n')
if j =nh-1: break
for i in rw:
sys. stdout.write(' | * if value(wl[il[j]) > 0.5 else ' ")
sys. stdout. write (" ¥n')



Wall time: 877 ms
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T—74 (data/bridge.txt)

fia] =8

=

e v:0:h1, 1:h2, 2:v1, 3:v2 (1)
e a:0:h, 1:v €{0,1,2} (2)

il %9

o aZVTHRLFET (3)

o AALEFES, AYDEEHIZELIODVIZETO (4)
o h2==1%5h1==1THSZ &, vEREIL (5)

o hMEVIIXRIBFICARYIILEEA (6)

o BFUSNTIIBRAGEE . mTIERILIEA BN E (7)
o 2TOHENDEABIE (8)




In [18]: from unionfind import *
with open(' data/bridge. txt’) as fp:

nw, nh = [int(s) for s in fp.readline(.split(, )]
rw, rh, r2, r4 = range(nw), range(nh), range(2), range(4)
ch = [fp.readline() for i in rh]

m = LpProblem()

v = [[[addbinvar () for k in r4] for j in rh] for i in rw] # 0:h1, 1:h2, 2:v1, 3:v
2 (1)

a = [[[addvar () for k in r2] for j in rh] for i in rw] # 0:h, 1:v (2)

def dirs(i, j):

return [ali + x —yl[j +x+y - 1][1 - x " y] for x in r2 for y in r2 ¥
ifi+x-yinrwand j+x+y-1in rh]
for j in rh:
for i in rw:
m+=ali][j1[0] == lpSum(v[il[j1[:2]) # (3)
m+=alil[jI[1] == lpSum(v[il[j1[2:1) # (3)
if ch[jI[i]. isdigit(:
f=1i+]*xnw
m += IpSum(dirs (i, j)) == int(ch[j1[i]) # (4)
for k in r4:
m+= v[i][j1lk] =0 # (4
else:
m+= v[i][jI[0] >= v[il[j1[1] # (5)
m+=v[il[jI[2] >= v[il[j1[3] # (5)
m += IpSum(v[il[j]1[0:3:2]) <=1 # (6)
if i <nw-1and not ch[jl[i + 1].isdigit():
m+=alil[jI1[0] == al[i + 11[jI1[0] # (7)
if j <nh-1and not ch[j + 1][i]. isdigit():
m+=ali][j1[1] == alillj + 11011 # (1)
ifi=0o0r i=nw-1:
m+=ali][j]1[0] == 0 # (7)
if Jj==0o0r j==nh-1:
m+=ali][j1[1] =0 # (7)

while True:
%time m.solve()
if m status == 1: break
u = unionfind(nw * nh)
e =[]
for j in rh:
for i in rw:

if value(alil[j][0]) > 0.5:
u.unite(i + j*nw, i + jxnw-1)
u.unite(i + j*xnw-—-1, i + j*knw+1)
elif value(ali][jl[1]) > 0.5:
u.unite(i + j*xnw, i + j % nw-— nw
uunite(i + j*nw—nw, i+ j*nw+ nw
else:
e. append (1pSum (alil[j1))
if all([u.issame(f, i + j x nw) for i in rw for j in rh if ch[j]l[i].isdigit(
1): break
m += IpSum(e) >= 1 # (8)
for j in rh:
for i in rw:
h = int(sum(value(v[il[jl[k]) * (3 if k ==2 else 1) for k in r4))
print (ch[jI1[i] if ch[jI[i] !="." else ' —=|H [h], end=" ")
print ()



Wall time: 68 ms

1-5=3--3
H1--2H
4==8=2 |3
H2 H2--2|
3H 2|1--3
| 6==5==4|
3H 1-3 HIT
H3--1H H
3--3=6=4
DYDY DEEZH |

T—24 (data/norinori.txt)

fi5] &8

o BADLKDONMDTREEMMYET
o BETRIINTATHANIAICLESE2DEITHYET
o KIRTRYUILNEREHIZIE BETAMN2DFT DAYET

g

o VIEMNEIM (1)

il %9

o HAETANBELL, AYIEETH (2)
o HBIIYAMNELL, AYIZ1DFEITE (3)
o BEAHNDEIE2D (4)



In [19]: from collections import defaultdict
with open(' data/norinori.txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(,’
rw, rh, r2 = range(nw), range(nh), range(2)
ch = [fp.readline() for j in rh]
LpProblem()
v = [[addbinvar ) for j in rh] for i in rwl # (1)
def dirs(i, j):

m

)]

return [v[i + x - yl[j +x+vy —1] for x in r2 for y in r2 ¥
if0<=i+x-y<nwand 0<=j+x+vy-1<nh]

dic = defaultdict(list)
for j in rh:
for i in rw:
diclch[jI[il]. append(v[il[j])
m+= v[il[j] <= IpSum(irs(i, j)) # (2)

m+=3 * v[i][j] + lpSum(dirs(i, j)) <=4 # Q)

for | in dic.values():

m+= lpSum(l) == 2 # (4)
%time m.solve()
for j in rh:

for i in rw:

print (.*" [int(value(v[il[j]) + 0.5)], end=" ")
print()
Wall time: 40 ms

) o A A E CD|AIAECI|D
Ty RXILDRES C D C D E||C D|CID|E
F—4 (data/block.txt) A B D B Al||AIBIDIBIA

D E A E C||DIEJA E|C
i E C B B B||[ECBI|BIB

o HMBMETADMIZEEZSINT, BEFIEESN-TOVIIZHITET
o JOVIDHIZEHENBEEIE1DABKIZLET
o TNFNDTOVIIZABEGIE. ENEFATHIAICDEN>TIVSEKSIC

zH

o ViTAVIIRFHERSMNEIN # (1)

Fl %9
o BEIRTEINARFIEHELIE1D#(2)




In [16]: from unionfind import *
with open(' data/block.txt') as fp:
nw, nh, ns = [int(s) for s in fp.readline().split(,’ )]

nb = nw * nh // ns
rw, rh, rb = range(nw), range(nh), range(nb)
ch = [fp.readline() for j in rh]
chk = [False] * ns
cand = []
def makecand(c, ca):
if len(ca) == ns:
if unionfind. isconnectedlist(nw, nh, ca): cand. append(ca)
return
if ¢ = nw *x nh: return
i, j=c%nw ¢ // nw
k = ord(ch[jI[i]) - 65
if not chk[k]:
chk[k] = True
makecand(c + 1, ca + [(i, })])
chk[k] = False
makecand (¢ + 1, ca)
makecand (0, [])
nn = len(cand)
rn = range (nn)

m = LpProblem()
v = [addbinvar () for i in rn] # (1)
e = [[LpAffineExpression() == 1 for j in rh] for i in rw]

for i in rw:
for j in rh:
m+=elillj]l # (2)
for k in rn:
ca = cand[k]
for i, j in ca:
elillj]. addterm(v[k]l, 1)
%time m.solve()
r = [[0] * nw for j in rh]
ic=0
for k in rn:
if value(v[k]) < 0.5: continue

ic += 1
ca = cand[k]
for i, j in ca: r[ill[j] = ic
for j in rh:
for i in rw: print(r[il[j], end=" ")
print ()
Wall time: 30 ms
12223
11423
51423
51443
55543



BAIRALDEEEH

T—24 (dataltile.txt)

[ 7B 1 4 1

. BELCHD. KB TRYSNIES (B ILEER) DL |
hEBCHYET 2

o BENDHFIX. FTDEHAWITOD . NENRDFBHEEDTR 73
FCORYSNE—FIDIBT, BAAONBTAOHERLE| -
5

o EDZAINE FTRTDIRERDINT N TOYRERDT IS
BDELSMEL, Z4 LD —BDTREHEB>TIENFEL A

=

o VIERESH (1)

il %9

o HERUHEOEFDOEIZEFLL (2)
o AAILIEETBINESIZVD (NI FVEHRTE)(3)

In [17]: from collections import defaultdict
with open( data/tile. txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(, )]
rw, rh = range(nw), range (nh)

hw = [int(s) for s in fp.readline().split(, )]
hh = [int(s) for s in fp.readline().split(,")]
ch = [fp.readline() for j in rh]

m = LpProblem()

v = [[addbinvar () for j in rh] for i in rw] # (1)
for i in rw:

m += lpSum(v[i]) == hw[i] # (2)
for j in rh:

m+= lpSum(v[i][j] for i in rw) == hh[j] # (2)
dic = defaultdict(list)

for i in rw:
for j in rw: diclch[jI1[il].append(v[il[j])
for d in dic.values():
for vi, vj in zip(d, d[1:]):
m+=vi =vj # 3)
%time m.solve()
for j in rh:
for i in rw:
print (. # [int(value(v[il[jl) + 0.5)], end=" ")
print

Wall time: 80 ms
R S
B ..
B g g4
B S



6 |5 | i 12 2 3 5 1 4
AFOBEOEES =T |[a[5[4[2]1
T—4 (data/inshi.txt) L. 6 52 1_ | 4|3
L 1[1]4]2[3]5
B %8 1 T 4[1[3[512]

o TRTDTRICIABNETOHFOENNET1 DT DAYET OIFXFEVFEEA)

o ATH . FFIDOENIZH ADONETORFN1 DT DAVET

o KIRCTHEEN-MAR EE)DELDTRITNZKEMTVLHIL. ZOHEBRDEIRICALHET
RThFhbEEELGYFET

%%
o VIETRATEDHEMNESIH (1)
o IYRADEF (2)

il %9

Vi [E1DDEFEDH (3)
r&avCexRd (4)

fitHE LVHETRICEFILGL (5)
EHIEELZHF (6)

[ ]

[ )

[ ]

[ )




In [18]: from collections import defaultdict
from math import log
with open(' data/inshi.txt’) as fp:
nn, nb, nm = [int(s) for s in fp.readline().split(,")]
rn, rb, rm = range(nn), range(nb), range (nm)
ch = [fp.readline() for j in rn]
ns = [log(int(fp.readline())) for | in rb]

m = LpProblem()
v = [[[addbinvar ) for k in rm] for j in rn] for i in rn]l # (1)
r = [[addvar() for j in rn] for i in rn] # (2)

dic = defaultdict(list)
for i in rn:
for j in rn:
m += IpSum(v[il[j]) == 1 # (3)
m += IpDot (rm, v[il[jl) + 1 = r[illi]l # (4
diclch[jI[il]. append ((i, j))
for k in rm:
m += lpSum(v[il[jl[k] for j in rn) == 1 # (5)
for j in rn:
for k in rm:
m+= lpSum(v[il1[j1[k] for i in rn) == 1 # (5)
for | in rb:
s = [log(k + 1) % v[il[jl[k] for i, j in diclchr(l + 65)] for k in rm]
m += IpSum(s) >= ns[I] - 0.0001 # (6)
m += |pSum(s) <= ns[I] + 0.0001 # (6)
%time m.solve()
for j in rn:
for i in rn:
print (int(value(r[il[j]) + 0.5), end=" ")
print



BECD@RES | @; | @:@ w ®
T—% (data/kurodoko.txt) @ @@ @!.@ﬁ

| | | I |
iEE EEEERCH | EEEEES

o BEDLONMDTIREZEWHMYET

s BEDHFIE. ZOHFENMSLETERAIFRICEFTCHERS ROBIAMNEIZIZEYDIKETD.EFD
BFEEODTHOIRABDEHERLET

o HMEMNA-S>TNWATYRFELL>TIENTFEEA

o BEYREFATIQNGEHKIE-Y, EXATHREZSEHLEZYLTIEIWTEREA

g
» vb:0: white, 1: black (1)

« vd:0: left, 1: up. 2: right, 3:down (2)

il %9

o BEIAMNERLVAIEZEARELO (3)

o BEYANBLELVAIEIAREDVAEYIKRELNILE (4)
o IEODvdIE, BT, £450 (5)

o RILEHLELIE (6)

o MEFELSTRIZA (7)

o BFLLUd;; OFMIFHEF+HIITHLLIE (8)

o ETZANSELAELIE (9)



In [19]: from unionfind import *
with open (' data/kurodoko. txt') as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]
rw, rh, r4 = range(nw), range(nh), range(4)
ch = [fp.readline() for i in rh]
m = LpProblem()

vb = [[addbinvar () for j in rh] for i in rw] # 0: white, 1: black (1)
vd = [[[addvar () for k in r4] for j in rh] for i in rw] # 0: left, 1: up. 2: righ
t, 3:down (2)
for i in rw:
for j in rh:

for k in r4:
mx =nw if k% 2==0else nh
m+= vd[il[j1[k] <= (1 = vb[il[j]) * mx # (3)
ik, jk=1i+[-1,0 1, 0][k]l, j+ [0, -1, 0, 1][k]
if 0 <= ik < nwand 0 <= jk < nh:
m += vd[i]1[j1[k] >= vd[ik][jk]l[k] + 1 = mx * vb[il[j] # (4
m += vd[i][j]1[k] <= vd[ik][jk][k] + 1 + mx * vb[i][j] # (4
else:
m+=vd[i][jI[k] == 1 - vb[il[j] # (5
if i >0 m+=vb[i - 11[j] + vblil[j] <=1 # (6)
if j>0:m+=vb[il[j - 1] + vb[il[j]l <=1 # (6)
if ch[jILi] 1="."":
m+=vb[i][j] == 0# (7)

n = int(ch[jI1[i]) if ch[jI[i].isdigit() else ord(ch[j1[i]) - 87
m += |pSum(vd[i][j]) == n+ 3 # (8)
while True:
%time m.solve()
if unionfind. isconnected ([[value (vb[il[j]) € 0.5 for j in rh] for i in rwl):
break
s = [vb[i][j] for i inrw for j in rh if value(vb[il[j]) > 0.5]
m += lpSum(s) <= len(s) — 1 # (9)
for j in rh:
for i in rw:
print (ch[jI[i]l if ch[j1[i] '="." else '# if value(vb[i][j]) > 0.5 else
".',oend=" ")
print()

Wall time: 123 ms
3.

I A
. #5. . #2



HIENNXI)ILDOBRER

T—4 (data/suiri.txt)

[ &8
¢ 3DDMEAAL. HEHMOREERDET

o ANT7AILDEK

= BV

» H1DYRE

« $2DRF

= #3DYAK

« LUREEVE
o BAIZALVDZEEST-
o BAIFARLAL
o BLMEZE I-ANLD
o BIIEL w7l
o IFIXHEE-T-
o IEIXFRLwHEL

%4

e vI2 (1)
. v23(2)
« v31(3)

il %9

o HEETHRITID (4)
o AMDB,BMDCH L, CHhDA (5)
o EVNERmT=9IL (6)

(M AR R TR W B R
#|0O(x| x| x|x|x|0Qx
mo|x|x| x| O|O x|x|x
E |X|O x| x|x[xX|xO
X X|Ox|X|O/x|x
# x| x| X0l
m | %X |x|O x
g O] XX
m X0 x|x



In [20]: with open( data/suiri.txt’) as fp:
nh = int(fp.readline())
rh, r3, r4 = range(nh), range(3), range(4)
it = [fp.readline().rstrip(¥n').split(,’) for i in r3]
hh = [fp.readline().rstrip(¥n').split(,’) for h in rh]
dic = [{} for i in r3]
for i in r3:
for j in r4:
diclil]lit[il[jl] =}
m = LpProblem()

v12 = [[addbinvar () for j in rd4] for i in rd] # (1)
v23 = [[addbinvar ) for j in r4] for i in r4] # (2)
v31 = [[addbinvar () for j in r4] for i in rd] # (3)

for i in r4:
m+= lpSum(vi2[i]) =1 # (4)
m += lpSum(vi2[j1[i] for j in r4) =1 # (4)
m+= lpSum(v23[il) =1 # (4)
m += |pSum(v23[j1[i] for j in rd) ==1# (4)
m+= lpSum(v31[il) == 1 # (4)
m += IpSum(v31[j1[i] for j in rd) = 14# (4)

for j in r4:
for k in r4:
m+= vI12[i]1[j] + v23[j1[k] - v31[k]l[i] <=1 # (5)
m+= v23[i]1[j] + v31[jl1Lk] - vi2[k][i] <=1 # (5)
m+= v31[i]1[j] + v12[jl1[k] - v23[k]l[i] <=1 # (b)
for h in rh:
c0, c¢1, ¢2, ¢3 = [int(eval (hh[h][0]))] + [dic[i].get(hh[h][i + 11, 1) for i i
n r3]

if ¢c1>=0and c2 >=0: m+=vi2[cl][c2] == c0 # (6)
if c2>=0and ¢3 >=0: m += v23[c2][c3] == c0 # (6)
if ¢c3>=0and ¢l >=0: m+= v31[c3][cl] == c0 # (6)
%time m.solve()
for i in r4:
print (it[0]J[i], end=" ")
j=1[j for j inrd if value(vi2[i][j]) > 0.5][0]
print (it[11[j], end=" ")
k = [k for k in r4 if value(v23[j][k]) > 0.5][0]
print (it[2][k])

Wall time: 92 ms
akira umbrella white
isamu string red
tadashi shoes black
hiroshi paper blue



1/8]6]2]6]7]5]a

DEYIZLT DRSS P IRSEIEA AR
T—24 (data/hitori.txt) 31715813 /3|1/|4
5(4(4(6|7]1]8]2

5 7[1]4]3[2]5]3]5
[ &8 2(2(8[3[4[4|7]5
. BEICHATOIHFDIBLOAZEHY, 47 THITTHRALIICACHF [2]2|3[1[4]4[6]5

NEHBEASLTNESIZLET
o ETRFATIQNCEKHE LY. EYATHREZSMLTIIVWTEREA

24

e v:0:number, 1:black (1)

il %9

o BLUNDOHFETHHEICEER/LLGEWLIL (2)
o BILEHLALIE (3)
o« ETHEILAELIE (4)

In [21]: from unionfind import *
with open(’ data/hitori.txt’) as fp:

nn = int(fp.readline())
rn = range (nhn)
ch = [fp.readline() for j in rn]

m = LpProblem()
v = [[addbinvar () for j in rn] for i in rn] # O:number, 1:black (1)
for i in rn:
for j in rn:
if i >0 m+=v[i-1]10j] +v[illjl]<&=14# 2
if j>0:m+=v[illj-11+v[illj]] <&=1# 2
s = [v[il[k] for k in rn if int(ch[k][i]) == j + 1]
if len(s) > 1: m += [pSum(s) >= len(s) - 1 # (3)
s = [v[k][i] for k in rn if int(ch[il[k]) == j + 1]
if len(s) > 1: m += IpSum(s) >= len(s) — 1 # (3)
while True:
%time m. solve()
i f unionfind. isconnected ([[value(v[il[j]) < 0.5 for i in rn] for j inrn]): b
reak
s = [v[il[j] for i in rn for j in rn if value(v[il[j]) > 0.5]
m += |pSum(s) <= len(s) — 1 # (34)
for j in rn:
for i in rn:
print(C# if value(v[il[jl) > 0.5 else ch[jI[i], end=" ")
print()






NPDOITOREA
T—24 (data/heyawake.txt) 017

[ 8 1

s BAIDLKDOMDYREEHYFT
AR TRUIoN-TE (FRB) ICAS>TLAHFIX. EDOMEICADETADH

ERLET
HFDOASTWENEEE, LDETYANALNTREHATT

BYR%E. ATEEIEI0ITE-5TCIZ3DU LD EICH=->THITESETIZWLITEE A
BIRFATIAIEKSEY, EYRATHRAZSEHLEZYLTIEWWTEEA

g

« v:0:white, 1:black (1)

il %9

¢ 3IDDOMETHEFOICERLTIIVTERA (2)
o BFIIMERNOREDHELDTE ()

o RITEHLGULIE (4)

o BTHWLALIE (5)



In [22]: from unionfind import *
from collections import defaultdict
with open( data/heyawake. txt') as fp:
nw, nh, nn = [int(s) for s in fp.readline().split(,")]
rw, rh, rn, r2 = range(nw), range(nh), range(nn), range(2)

ch = [fp.readline() for j in rh]

hh = [fp.readline().split(,’) for h in rn]
dic = {}
for i in rw:

for j in rh:

it = dic.get(ch[j1[i], [i, j, i, JD
diclch[j1[i1] = min(it[01, i), minCGit[1], J), max(it[0], i), max(it[1], J)

]

m = LpProblem()

v = [[addbinvar () for j in rh] for i in rw] # O:white, 1:black (1)
for i in rw:

for j in rh:
if i >0 m+=v[i -1]10j] +vlilljl] <=14# 4)
if j>0:m+=v[il[j-11+v[illj]]1<&=1# @
for ¢, s in hh:
mni, mnj, mxi, mxj = dic[c]
ni, nj =mxi —mni +1, mxj —mnj + 1
m += lpSum(v[i + mnil[j + mnj] for i in range(ni) for j in range(nj)) == int(s
) # (3
for mni, mnj, mxi, mxj in dic.values():
ni, nj =mxi —mni +1, mxj —mnj + 1
ifmnj > 0 and mxj < nh - 1:
for i in range(ni):

m += lpSum(v[i + mni][j] for j in range(mnj - 1, mxj + 2)) >=1# (2)
if mni >0 and mxi < nw - 1:
for j in range(nj):
m += lpSum(v[il[j + mnj] for i in range(mni — 1, mxi + 2)) >=1# (2)
def dirs(i, j):
return [i +x -y +nwx*x (J+x+y—-1) for x inr2 for y in r2 ¥
if0<=i+x-y<nwand 0<=j+x+vy-1<nh]
while True:
%time m. solve()
t = [[value(v[il[jl) < 0.5 for j in rh] for i in rw]
u = unionfind(nw * nh)
i f unionfind. isconnected(t, u): break
dc = defaultdict (list)
for i in rw:
for j in rh:
if tlil[jl: continue
Il = list(set(u.find(k) for k in dirs(i, j)))
if len(ll) >= 2:
for | in Il: dc[l].append(v[il[j])
for s in dc.values():
m += lpSum(s) <= len(s) - 1 # (5)
for j in rh:
for i in rw:
print(C# if value(v[i]l[jl) > 0.5 else ch[jl[i], end=" ")
print()



Wall time: 60 ms
Wall time: 68 ms
Wall time: 73 ms
Wall time: 91 ms
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HCOHF=HTITOO
cHII=HTITTHO
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RAVET) T DEEEA

T—24 (data/paint.txt)

[ ]

fia] =B

1

BEECHD. KBRTROONI=ED (ZM1IL) DLLKOHZERBYFET

BEAOHFF. TOBFOASTNSTRIZATIATCBEYEITADIL, BEVRIZLEEITADHERLE

j—
HFEDOIANERIRIZHAELHYET

EDZAIE TRTDYREZREINTRTDYRZHLT ITEHDELLEL, ZMILD— DT XTI

=HoTIEWWHEEA
TRTOETRIEDEMNBIE
BRvREL 2%x2L EIFED

%4

» v:0:white, 1:black (1)

il %9

o 22DEAHNIE (2)

[ ]

[ ]

FAIILAIXELZE (3)
HFIRAYDRDOBEFLIE (4)
ETOEMNDLENDTE (5)




In [23]: from unionfind import *
from collections import defaultdict
with open(' data/paint.txt’) as fp:
nw, nh, nn = [int(s) for s in fp.readline().split(,")]
rw, rh, rn, r2 = range(nw), range(nh), range(nn), range(2)
ch = [fp.readline() for j in rh]
hh = [[int(s) for s in fp.readline().split(,’)] for h in rn]
m = LpProblem()
v = [[addbinvar ) for j in rh] for i in rw] # O:white, 1:black (1)
dic = defaultdict (list)
for i in rw:
for j in rh:
dic[ch[j][il]. append (v[il[j])
if i >0and j> O0:
m+= lpSum(v[i = x]J[j = y] for x in r2 for y inr2) <=3 # (2
for ss in dic.values():
for s, t in zip(ss, ss[1:]): m+=s =t # (3)
def dirs(i, j):
return [v[i + x = yl[j + x+y —-1] for x in r2 for y in r2 ¥
ifoO<=i+x-y<nwand 0<=j+x+vy-1<nh]
for i, j, k in hh:
m+= lpSum(dirs(i, j)) ==k # (4)
while True:
%time m.solve()
i f unionfind. isconnected ([[value(v[il[j]l) > 0.5 for i in rw] for j inrh]): b

reak
m += lpSum([v[il[j] for i in rw for j in rh if value(v[il[jl) < 0.5]) >= 1 #
(5)
for j in rh:
for i in rw:
print(C# if value(v[il[j]) > 0.5 else ch[j]l[i], end=" ")
print

Wall time: 30 ms
Wall time: 27 ms
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HOOD@BES RS

T—4 (data/suukoro.txt) 12|
] 3[1

ZE: :

] &

.m'm.h

B N - O
31| 3[2[8
2] | 2] [2
3/2|3 4]2]4
2| 123 |2
311] 1] |3
1 <

o ETDIYARFIMNSADHENIEDIZLET

o BFEIL. TORADBEEIRIZHENABZTRADRKICHYET
o BILEFEE/BLTIIVITELEA

o IRTOYFHERKTHL

%4

o v:0:white, 1-4:number (1)
o 1:¥F (2)

il %9

o HFELABNIEZFDOHF (3)

o HFIX1D (4)

o rEVCRE (5)

o BFIZRAYOHFOHIZELLNZL (6)
o ALEFILEHRLENIE (7)

o ETOHEFEMNDENSBILE (8)




In [28]: from unionfind import *
with open (' data/suukoro. txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]
rw, rh, r2, r5 = range(nw), range(nh), range(2), range(b)
ch = [fp.readline() for j in rh]
m = LpProblem()
v = [[[addbinvar () for k in r5] for j in rh] for i in rw] # O:white, 1-4:number

(M
r = [[addvar ) for j in rh] for i in rw] # (2)
def dirs(i, j):

return [1 - v[i + x —y][j + x +y - 1][0] for x in r2 for y in r2 ¥

if0<=i+x-y<nwand 0<=j+x+vy-1<nh]
for i in rw:

for j in rh:

if ch[j][i]. isdigit(Q:
m+= v[i][jl[int(ch[jI[iD] =1 # 3)

m+= IpSum(v[il[j]) == 1 # (4)
m += IpDot (r5, v[il[jl) == r[il[j]l # ()
m += IpSum(dirs(i, j)) >= r[il[j]l # (6)
m += IpSum(dirs (i, j)) <= r[il[j] + 4 % v[il[j1[0] # (6)
for k in range(1, 5):

ifi<nw-1:
m+=v[iJ[jIk] + v[i + 11[jI[k] <=1 # (7)
if j<nh-1:

m+=v[i][jIlk] + v[il[j + 11[k] <=1 # (1)
while True:
%time m.solve()

i f unionfind. isconnected ([[value(v[i][j]J[0]) < 0.5 for i in rw] for j in rh])
: break

s = [v[il[jl[0] for i in rw for j in rh if value(v[il[j]1[0]) > 0.5]

m += |pSum(s) <= len(s) — 1 # (8)
for j in rh:

for i in rw:

print (. 1234 [int(value(r[il[j1))], end=" ")
print ()

Wall time: 78 ms
Wall time: 77 ms

1T.12. .1
31.3232
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INAT) O DRRES

T—4 (data/pipelink.txt)

fix] =8

o IRTOTRITREVE1DDI)UVICLET
o BRIIRELTELEVLD . B NIILEEA

o BRYUIEMNBINVWTHAITRIIWELZZTIEVTEEA
g

« vh (1)
e W (2)
o vr:&RA (3)

il %9

o HBELEHIEZTDFEFELETHIE (4)

o EYRITHRESIKIE (5)

o REFVLLD . EAINLEWNIE (6)
. 1D0YLHIZTBIE (T)

o SHZIRAHENIE (8)

o VrEVhéwTRIR (9)

..........




In [27]:

from unionfind import *
with open(' data/pipelink.txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]
rw, rh, rwl, rhl, r2, r4 = range(nw), range(nh), range(nw + 1), range(nh + 1),
range (2), range (4)
ch = [fp.readline() for j in range(2 * nh — 1)]
m = LpProblem()

vh = [[addbinvar ) for j in rh]l for i in rwl]l # (1)
vv = [[addbinvar ) for j in rh1] for i in rw] # (2)
vr = [[addvar ) for j in rh] for i in rw] # (3)

for j in rh:
m += vh[0][j] == 0 # (8)
m += vh[nw][j] == 0 # (8)
for i in rw:
m+= vv[il[0] == 0 # (8)
m+= vv[il[nh] == 0 # (8)

for j in rh:
if i >0and ch[2* jl[2 % i —-1] ="-":"m+=vhl[i][j]l=1%# 4
if j>0and ch[2 * j - 11[2* i] ="|":m+=wlilljl =14# @)

[ = [vwlilljl, vh[il[j1, wvlillj + 11, vhli + 11[j1]
m += IpSum(l) >= 2 # (5)
for k in r4: m+= IpDot([-1 if p==k else 1 for p inrd], |) <=2 # (6)
m += |pDot ([2%*k for k in r4]l, 1) == vr[ill[j] # (9)
while True:

%time m. solve()

if m status !=1: break

b = [[value(vr[il[j]) > 14.5 for j in rh] for i in rw]

u = unionfind(nw * nh)
for i in rw:
for j in rh:
if b[illj]:
uunite(i =1+ j*nw i +1+ jx*xnw
u.unite(i + j*nw—-nw, i + j*xnw+ nw
else:
if value(vh[i]1[j1) > 0.5 and (i == 0 or not b[i - 1][j1):
u.unite(i + j *xnw, i — 1+ j % nw
if value(vwlil[jl) > 0.5 and (j == 0 or not b[il[j - 11):
u.unite(i + j *nw, i + j *xnw—nw
if all ([b[iJ[j] or u.issame(0, i + j *x nw) for i in rw for j in rh]): break
for gr in u.groups():
if len(gr) == 1: continue
I =[]
for k in gr:
i, i=k%nw k// nw
[.extend (vh[i + p][j] for p in r2 if value(vh[i + pl[j]1) > 0.5)
|.extend (ww[il[j + p] for p in r2 if value(vw[il[j + pl) > 0.5)
m += |pSum(l) <= len(l) - 2 # (1)
for j in rh:
for i in rw:
print(u 012 4|78 “—1 34+ [int(value(vr[i1[j1))], end=" ")
print()



Wall time: 49 ms
Wall time: 44 ms
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T—24 (data/kuriku.txt)

fia] =8

o LONMDTREELHYET
o BMFIX.BMFEINBIETEIATNETRDHERLET
o TRTOHATARILEREIT B L

g
» Vv:0:white, 1:black (1)

il %9

o BFLEIRBMNELNIL (2)
o EHTYANERETSHIE (3)



In [28]:

from unionfind import *
with open(' data/kuriku. txt’) as fp:

nw, nh = [int(s) for s in fp.readline().split(," )]

rw, rh, rwl, rhl, r2 = range(nw), range(nh), range(nw + 1), range(nh + 1), rang
e(2)

ch = [fp.readline() for j in rhi]

m = LpProblem()
v = [[addbinvar ) for j in rh] for i in rw] # O:white, 1:black (1)
for i in rwl:
for j in rhil:
if ch[jl[i]. isdigit():
m+= lpSum(v[i = xJ[J —y] for x inr2 ifO0<=i-x<nw¥

for y inr2 if 0<=j -y <nh) == int(ch[jI[i]) # (2

while True:

%time m. solve()

if unionfind. isconnected ([[value(v[il[j]) is None or value(v[il[jl) < 0.5 for
i in rw] for j in rh]): break

s = [v[il[j] for i in rw for j in rh if value(v[il[j]) and value(v[il[j]) > O
. 5]

m += |pSum(s) <= len(s) — 1 # (3)

for j in rh:
for i in rw:
print(’'." if value(v[il[j]) is None or value(v[il[j]l) < 0.5 else "#, en
d=" ")
print ()

Wall time: 28 ms
Wall time: 24 ms
Wall time: 46 ms
Wall time: 31 ms
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5] =8

o INMBAYOUTIZL I ADIEEVEFT

[ ]

[ )

[ ]

[ )

%4

REDIRETFTARN—2EL T BYET
TARN—=2THIASTIEWTEEA
TFARN=2DHRETTY
KW g 85I E

+ vh:0:L, :R (1)
« vw:0:U, 1:D (2)

» vhs (3)

e vvs (4)

il %9

o Vhs%VhT, wsZWTRR (5)

o KENINTEHIL (6)

o BEYATADHMEHDIHHRILIE (7)

o TARN=UIEBHEIEELC. fitBLEICIE (BIAYSAELY) (8)
o TARN=UIEBERIE2LE (9)

o TARN—UTHWELERIE2LLT (10)

o BIF1D(11)

In [31]:

from unionfind import *
with open(’ data/eisbahn. txt’) as fp:

m=

vh = [[[addbinvar ) for k in r2] for j in rh] for i in rwl
vv = [[[addbinvar ) for k in r2] for j in rh1] for i in rw

vhs
VVS
for

nw, nh = [int(s) for s in fp.readline().split(, )]

I
- -
i
|
i
1

i
s e bl i B o
i []

>OUT

rw, rh, rwl, rhl, r2, r12 = range(nw), range(nh), range(nw + 1), range(nh + 1),
range (2), range(1, 3)

ch = [fp.readline() for j in range(2 * nh + 1)]
LpProblem()

= [[addvar () for j in rh]l for i in rwil # (3)
= [[addvar () for j in rh1] for i in rw] # (4)
J in rht:

for i in rw:

¢ =chl[j *x21[i * 2 + 1]
m += lpDot (r12, w[il[j]) == wvs[il[j]l # (5

1#0:L 1:R (1
1#0:U 1:D (2

m+=vvs[il[j] <= 0 ifc=="."and j % nh==0else 2) # (6)
ifc="U:m+=w[l[illjl[1]1 + 1 <= wlil[j1[0] # (6)
elif c=="D:m+=vwl[lil[JI[0] + 1 <= vwl[illj1[1] # (6)

if J == nh: break
for i in rwl:
¢ =chlj * 2+ 1][i * 2]
m += IpDot(r12, vh[il[j]) == vhs[il[j] # (5)

)
)



m+= vhs[i][j] <= 0 ifc=="."and i Ynw=0-¢else 2) # (6)

if ¢c=="L:m+=vh[il[jI[1] + 1 <= vh[i][jI[0] # (6)
elif ¢ =="R :m+=vhli][JI[0] + 1 <= vh[il[j1[1] # (6)
for i in rw:
el = IpSum(ww[il[j + kKI[1 - k] + vh[i + kI[j]1[1 - k] for k in r2)

e2 = IpSum(vv[il[j + kI[k] + vhl[i + k]1[jl1[k] for k in r2)
m+=el ==e2 # (1)
if ch[j *x 2+ 1][i * 2+ 1] =="%":
m += vhs[i]1[j] == vhs[i + 11[j] # (8)
m += vvs[i][j] == vvs[il[j + 1] # (8)
m+=el +e2>=2# (9
else:m+=¢el +e2<=2# (10)
while True:
%time m. solve()
if m status != 1: break
b = [[all([value(vhs[i + kI[j]) > 0.5 and value(vvs[il[j + klI) > 0.5 for k in
r2]1) for j in rh] for i in rw]
e = [[all ([value(vhs[i + k]1[j]) < 0.5 and value(vvs[il[j + k]l) < 0.5 for k in
r2]) for j in rh] for i in rw]
u = unionfind(nw * nh)

p = -1
for i in rw:
for j in rh:
if not elilljl: p=1i+ j*nw
if b[i1[j]:
uunite(i — 1+ jxnw, i +1+ j*%nw
u.unite(i + j*nw-nw, i+ j *nw+ nw
else:

if i >0 and value(vhs[i][j]) > 0.5 and not b[i — 1]1[j]:
uunite(i + j *xnw, i =1+ j*nw
if j >0 and value(vvs[i]J[j]) > 0.5 and not b[i][j - 1]:
u.unite(i + j *xnw, i + j * nw - nw)
if all([b[il[j] or elil[j] or u.issame(p, i + j * nw) for i in rw for j in rh
1): break
for gr in u.groups():
if len(gr) == 1: continue
s = []
for g in gr:
i, J=g%nw g// nw
for k in r2:
for | in r2:
if value(vh[i + kI[jI[1]) > 0.5: s.append(vhli + kI[j1L[I]1)
if value(vwwlil[j + kI[I1]) > 0.5: s.append(vv[il[j + kI1[I])
m += lpSum(s) <= len(s) - 2 # (11)
for j in rhi:
for i in rw:
sys. stdout. write(" %c’ % '.UD [int(value(vvs[i]1[j1))])
sys. stdout. write (" ¥n')
if j == nh: break
for i in rwl:
sys. stdout. write (" %c%c’ % (' .LR [int(value(vhs[il[j]))]
"¥n' if i == nwelse chlj *2+ 1][i *x 2 + 1]))



Wall time: 47 ms
Wall time: 56 ms
Wall time: 72 ms
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In [29]:

with open(' data/sumline. txt') as fp:
nw, nh = [int(s) for s in fp.readline().split(, )]
rw, rh, r9 = range(nw), range(nh), range(9)
ch = [fp.readline() for j in rh]
hh = [int(fp.readline()) for j in rh]
hv = [int(fp. readline()) for i in rw]
LpProblem()
v = [[[addbinvar ) for k in r9] for j in rh] for i in rw]
r = [[addvar () for j in rh] for i in rw]
def addsum(i, j, x, y):
e, T = LpAffineExpression(), LpAffineExpression()
while i < nwand j < nh:
if ch[jl[i] ==".":
f=Ff*%10+ r[il[j]
else:

m

e += f
f = LpAffineExpression ()
bj=i+Ex jry
return e + f
for i in rw:
for j in rh:
m += IpSum(v[i]l[j]) ==
m += IpDot(r9, v[illjl) + 1 == r[i]llJj]
for k in r9:
m += lpSum(v[il[jl[k] for j in rh) <=1
m += addsum(i, 0, 0, 1) == hv[i]
for j in rh:
for k in r9:
m += lpSum(v[il[jl[k] for i in rw) <=1
m += addsum(0, j, 1, 0) == hh[j]
%time m.solve()
for j in rh:
for i in rw:

print (%" if ch[jl[i] == "% else "%d" % int(value(r[il[j]) + 0.5),

")
print ()

all time: 116 ms
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T—%4 (data/countryroad.txt) 1] | 1 9
+ =
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SR = —H

o LOMDTRIZHEZESIE 1 DDWHEEYET
o RIX.XEDPHLSHINLTIENTEEA
o ARTRYIBNI=ECA(EEFERN)TRTEIRT OEITEYET

o BFIX. TOHFINHLIEEHBRIDBELIIRABERLET
o MFEDOHVEIZIXK, AIRATHXNTT
o IEAMBELLEVWTAN, KR (EE)Z(XSATHATITNBEELTIIVWTEREA

g

» vh:0:L, 1:R (1)
« vw:0:U, 1:D (2)
» vhs (3)

e vvs (4)

o vr:®XIRA (5)

il %9

vh,vv,vhs,vwvs DB {% (6)
ABHEHIBARLTHAZE (7)
120 (8)

ZDhILRE (9)

[ )

[ ]

[ )

In [30]: from collections import defaultdict
from unionfind import *
with open(' data/countryroad. txt') as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]

rw, rh, rwl, rhl, r2, r4 = range(nw), range(nh), range(nw + 1), range(nh + 1),

range (2), range(4)
ch = [fp.readline() for j in rh]
hh = fp. readlines()

m = LpProblem()

vh = [[[addbinvar ) for k in r2] for j in rh] for i in rwl
vv = [[[addbinvar ) for k in r2] for j in rh1] for i in rw

vhs = [[addvar ) for j in rh] for i in rwl] # (3)
vvs = [[addvar () for j in rh1] for i in rw]l # (4)
vr = [[addvar ) for j in rh] for i in rw] # (5)
dicl, dic2 = defaultdict(list), defaultdict(list)
for i in rw:
m+= vvs[i][0] == 0 # (9)
m += vvs[il[nh] == 0 # (9)
for j in rhi:
for i in rw:
m += lpSum(wlil[j]) == ws[il[j] # (6)
m+= vvs[il[j] <=1 # (9)
if j == nh: break

0:L, 1:R (1)
0:U, 1:D (2)




m += vhs[0][j] == 0 # (9)
m += vhs[nw][j] == 0 # (9)
for i in rwl:
m += IpSum(vh[i][j]) == vhs[i][j] # (6)
m += vhs[il[j] <=1 # (9)
for i in rw:
m += lpDot ([-1, 1, 1, =11, [vh[i + kKI[j1[I] for k in r2 for | in r2]) ¥
== |pDot ([1, -1, -1, 11, [wwlil[j + kI[I] for k in r2 for | in r2]) # (7

| = [vs[i]l[j]l, vhs[ill[jl, vvslillj + 11, vhs[i + 11[j]]
dicl[ch[jl[il]. extend(l)
m += |pDot ([2%xk for k in rd4], 1) == vr[il[j]l # (9)
m += |pSum(l) <= 2
if i <nw-1and chl[jl[i] !'=ch[jl[i + 1]:
m+= vr[il[j] + vrli + 110j]1 >= 1 # (9)
dic2[ch[j][i]]. append (vh[i + 11[j1[0])
dic2[ch[jl[i + 1]].append(vh[i + 1]1[j1[1])
if j <nh-1and chl[jl[i] !'=ch[j + 1][i]:
m+= vr[illj] + vrlillj + 11 >=1# (9)
dic2[ch[j1[i1]. append (v [il[j + 11[0])
dic2[ch[j + 11[i1].append (ww[illj + 11[1])
for s in hh:
ss = s.split(,”)
if len(ss) < 2: break
m += IpSum(dicl1[ss[0]]) == 2 * int(ss[1]) # (9)
for s in dic2.values():
m+= lpSum(s) == 1 # (9)
while True:
%time m.solve()
if m status != 1: break
u = unionfind(nw * nh)

p=-1
for i in rw:
for j in rh:
if value(vhs[i + 11[j]1) > 0.5:
p=1i+]j*xnw

uunite(i + j *xnw, i +1+ j*nw
if value(vvs[ill[j + 1]) > 0.5:
u.unite(i + j *xnw, i + j *x nw + nw)
if all(fu.find(i + j *xnw) == i + j % nwor u.issame(p, i + j *x nw) for i inr
w for j in rh]): break
for gr in u.groups():

if len(gr) == 1: continue
s = []
for g in gr:
i, J=g%nw g// nw
for k in r2:

0.5: s.append(vhs[i + k1[j1)
0.5: s.append(vvs[i][j + k])

if value(vhs[i + k][j])
if value(vvs[il[j + kI)
m += IpSum(s) <= len(s) - 2 # (8)
for j in rh:
for i in rw:
sys. stdout. write(u'4+12- 4 | 5 78 Y—1 =344 [int(value(vr[i1[j1)) D)
print()

AZRd



Wall time: 152 ms

l_|—|_‘—|—|
| |

_|_
\_l
1

T
14

L

L

1
]

L

]
T

NFALDEEAS

T—2A (data/kanaore.ixt)
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HF b A

o ENEED IXFEEFREDHIIEMTLDHFOIRICAY. 2XFRIFKRENDARIZ1 DEAL

TRIZAYFET
o IXFBHURKIX, AT DEMN->TAVET
s 1DNXFEEHDODEENKBLTESLEHYET
s 1DDXFEIDDEENEHMEFESICLIEHYEEA

24

. VIETROXFDID (1)
o REBISEZL(ZERAE(ISHZEEY
vt EDIRTEHEESD (2)

il %9

. BEHSEIL (3)
. BREZALD, ZOBHIE. TOXFETEIE (4)




In [31]: import codecs
with codecs. open (' data/kanaore. txt', 'r’, 'utf-8) as fp:
nw, nh, nn = [int(s) for s in fp.readline().strip(u ¥ufeff ).split(, )]
rw, rh, rn, r4 = range(nw), range(nh), range(nn), range(4)
wds = [fp.readline().strip().split(’,”) for i in rn]
def makecand(Ist, x, vy, d, |, p, u):
XX, yy =x + [-1, 0, 1, 0][d]l, y + [0, -1, 0, 1][d]
if 0<=xx<nwand0<=yy<nhand (xx, yy) not in u:
ifp=1-1:
Ist. append (u + [(xx, yy)1)
return
for k in r4: makecand(Ist, xx, yy, k, I, p+ 1, u+ [(xx, yy)])
LpProblem()
[[addvar () for j in rh]l for i in rwl # (1)
dic, dic2 = {}, {}
for wd in wds:
for ¢ in wd[3]:
if not ¢ in dic:
t = len(dic)
dic[c], dic2[t] = t, ¢
Ist = []
X, y = int(wd[0]), int(wd[1])
makecand (Ist, x, y, u < T—=1".index(wd[2]), lenwd[3]), 1, [(x, y¥)])
vt = [addbinvar () for cand in Ist] # (2)
m+= |pSum(vt) == 1 # (3)
for i, cand in enumerate(lst):
for j, (x, y) in enumerate(cand):
¢ = dic[wd[3][j]]
m+= v[x][y] <= ¢+ nw=*nhx (1 -vtli]) # 4
m+= v[xI[y]l] >=c¢c - nw*nh* (1 - vt[i]) # (4)
%time m.solve()
for j in rh:
for i in rw:
print(dic2[int(value(v[il[jl))], end=" ")
print()
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G 31l i3I

o HIEDLEICATIAIHEZS VT, BEEZIKOMDE (BIVATRI1~4TRAOEER) ICRYIYET
s BFIL. ZTOHFEELCEDEEE. 1VAZF1ELTRLET

o BMFEDALLEVWEEZE>THLLN, 2D2ULD#FEZEL EXE->TIHIWNTEREA

o RLEBEOEZ4TIACHEYESHLETIIVTEEA

o BENER{MATFICKRELTIELFEEA

24

o MEFEILEDEME (1)

il %9

o 1DDIEMEES (2)
s ADDATEIDHEEEDEEHN=3(3)
« RILEBEOEMHELTHRYESILDODEET=1(4)

In [32]: with open(’ data/fillmat.txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(, )]
rw, rh, r4, r19 = range(nw), range(nh), range(4), range(1, 9)
ch = [fp.readline() for j in rh]
m = LpProblem()
vis = [] # list of (var, pos_list)
cs = [[LpAffineExpression() for j in rh] for i in rw] # cons of pos
dic = {} # key: (x_start, y_start, x_len, y_len), value: (var, pos_list)
def chk(v, ky):
if ky in dic: madd(v + dic[ky][0] <= 1) # (4)
def cand(i, j, n, dx, dy):
p, g =101 II
for k in range(n):
X, y=1i+kx*xdx, j+k*dy
p. append ((x, y))
if ch[yl[x].isdigit(: qg.append(int(ch[y][x]))
if len(g) >= 2 or (len(q) == 1 and q[0] '=n): return
v = addbinvar ) # (1)
for k in range(max(1, n * dy)):
chk(v, (i -1, j+k-n+1,0 n))
chk(v, (i = n j+k n 0)
for k in range(max(1, n * dx)):
chk(v, (i +k, j=n, 0, n))
chk(v, (i +k-n+1,j-1,n, 0))
vls. append ((v, p))
dic[(i, j, dx *xn, dy *xn)] = vis[-1]
for i in rw:
for j in rh:
for k in r4:
if i +k<nwcand(i, j, k+1, 1, 0)
if k>0and j +k <nh: cand(i, j, k+ 1, 0, 1)
for i, vl in enumerate(vls):



for x, y in vI[1]: cs[x][y] += vI[0]
def chk2 (kyl, ky2, ky3, ky4):
if kyl in dic and ky2 in dic and ky3 in dic and ky4 in dic:
m. add (dic[ky11[0] + dic[ky2]1[0] + dic[ky3]1[0] + dic[ky4][0] <= 3) # (3)
for i in rw:

for j in rh:
m+=cs[i][jl = 1# (2
if i =00r j==0: continue
for k1 in r19:

x1, y1, z1, wi = (i - k1, j-1, k1, 0) if ki <5else (i -1, j - ki
+4, 0 kil -4
if x1 <0or yl <0: continue
for k2 in r19:
X2, y2, z2, w2 = (i, j—-1, k2, 0) if k2 <belse (i -1, j-k2+

4, 0, k2 - 4)
if x2+ 22> nwor y2<0: continue
for k3 in r19:
x3, y3, z3, w3 = (i, j, k3, 0) if k3<b5else (i, j, 0, k3 -4
)
if x3+ 23> nwor y3+ w3 > nh: continue
for k4 in r19:
x4, v4, z4, wd = (i - k4, j, k4, 0) if kd <5 else (i -1,
j, 0, k4 - 4)

if x4 <0 or y4 + w4 > nh: continue
chk2 ((x1, y1, z1, wl), (x2, y2, z2, w2), (x3, y3, z3, w3),
(x4, y4, z4, w4))
%time m. solve()
i, ss =65 [[0 for i in rw] for j in rh]
for vl in vls:
if value(vi[0]) > 0.5:
for x, y in vI[1]: ss[y]l[x] = chr (i)
i +=1
for s in ss:
for ¢ in s: print(c, end=" ')
print()

all time: 83 ms
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In [33]:

with open( data/shakashaka. txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(, )]
rw, rh, r2, r6 = range(nw), range(nh), range(2), range(6)
ch = [fp.readline() for i in rh]
m = LpProblem()
va = [[[addbinvar() for k in r6] for j in rh]l for i in rw] # (1)
def dirs(i, j):
return [vali + x —y]J[j +x+y -1] for x in r2 for y in r2 ¥
ifO<&<=i+x-y<nwand 0<=j+x+vy-1<nh]
for i in rw:
for j in rh:
v = valil[j]
m+= lpSum(v) == 1 # (2)
if ch[jILi] 1=".":
m+=v[5] =1%# (3)
if ch[jlli].isdigit(:
m += lpSum(v[1:5] for v in dirs(i, j)) == int(ch[jI1[i]) # (4)
if i ==0:m+=v[0] + IpSum(v[2:4]) =0 # (5)
if j==0:m+=v[0] + IpSum(v[3:5]) == 0 # (5)
if i=nw-1:m+=v[0] + [pSum(v[1:5:3]) == 0 # ()
if j=nw-1:m+=v[0] + IpSum(v[1:3]) == 0 # (5)
if i>O0:
m += IpSum([vali - 1]1[j1[0]] + vali — 11[j1[1:5:3] + [v[1]] + v[4:6]) <
=14# (6
m += |pSum(vali — 1][j1[2:4] + [vali - 11[jI1[5]] + [v[0]] + v[2:4]) <=
1# (6)
if j>o0:
m += lpSum(val[i][j - 11[:3] + v[1:3] + [v[5]]) <=1 # (6)
m += |pSum(vali][j - 11[3:6] + [v[0]] + v[3:5]) <=1 # (6)

%time m.solve()

for j in rh:
for i in rw:
if ch(jl[i] !=".": sys.stdout.write(" %c’ % ch[j]l[i])
else: sys.stdout.write(u’ < L — W [int(value(lpDot(r6, valil[j1)))]1)
print ()

Wall time: 108 ms
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with open(' data/yajirin. txt') as fp:
nw, nh = [int(s) for s in fp.readline().split(,’)]
M, rw, rh, rwl, rhl, r2, r4 = nw * nh, range(nw), range(nh), range(nw + 1), ran
ge(nh + 1), range(2), range(4)
hh = [s.strip().split(,”) for s in fp.readlines(]
m = LpProblem()
vh = [[[addbinvar ) for k in r2] for j in rh] for i in rwl] #
vv = [[[addbinvar () for k in r2] for j in rh1] for i in rw] #
vhs = [[addvar () for j in rh] for i in rwl]
vvs = [[addvar () for j in rh1] for i in rw]
vr = [[addvar () for j in rh] for i in rwl
vb = [[addbinvar () for j in rh] for i in rw]
vd = [[addvar () for j in rh] for i in rw]
dic = {}
for h in hh:
X, ¥, n, d=1int(h[0]), int(h[1]), int(h[2]), 'LURD'. index (h[3])
dx, dy = [-1, 0, 1, 0][d], [0, -1, O, 1][d]
m+= vr[x][y] == 0
m += vb[x][y] ==
m += IpSum(vb[x + dx * il[y + dy * i] for i in range(1, max(nw, nh)) ¥
ifO0<=x+dx*xi<nwand 0 <=y +dy *i <nh) ==n
dic[(x, )1 = "%d%" % (n, h[3])
if n==20:px, py =x +dx, y + dy
for i in rw:
m+= vvs[i][0] == 0
m += vvs[i][nh] ==
for j in rhil:
for i in rw:
m += lpSum(vv[i][j]) == vvs[i][J]

:U

# 0L,
#0:U,

U



m += vvs[i][j] <=1
if j == nh: break
m += vhs[0][j] ==
m += vhs[nw][j] ==
for i in rwl:
m += IpSum(vh[i][j1) == vhs[i][j]
m += vhs[i1[]j] <=1
for i in rw:
m += lpDot ([-1, 1, 1, =11, [vh[i + kKI[j1[I] for k in r2 for | in r2]) ¥
== |pDot ([1, -1, -1, 11, [vvlillj + kI[I] for k in r2 for | in r2])
I = Lvvs[ill[j]l, vhs[illjl, vvs[illj + 11, vhs[i + 1]1[j]]
m += IpDot ([2%+k for k in r4], 1) == vrlil[j]
m += |pSum(l) <= 2
if (i, j) not in dic:
m+= vr[i]l[j] + vb[i]l[j] >=1
m+= vr[il[j] <=12 * (1 - vb[il[j])
m+=vd[i][j] <=M
if i>0:
m += vb[i - 11[Jj] + vb[il[j] <=1
if G =1, 0 1= (px, py):

m+=vd[i - 11[j1 + M * (1 = vh[il1[j100]) >= vd[il[j] + 1
if (i, J) 1= (px, py):
m+=vd[i][j] + M* (1 = vh[il[jI101]) >= vd[i - 11[j] + 1
if j>O0:
m+= vb[i][j - 11 + vb[il[j] <=1
if G, j-1) 1= (px, py):
m+=vd[il[j - 11 + M* (1 - v[il[j1[0]) >= vd[il[j] + 1

if (i, J) 1= (px, py):
m+= vd[i][j] + M*x (1 = w[lil[j1[1]) >= vd[il[j - 1]
%time m.solve()
for j in rh:
for i in rw:

if (i, j) in dic: sys.stdout.write(dic[(i, j)1)

elif value(vb[i][j1) > 0.5: sys.stdout.write(u'+')

else: sys.stdout.write(u” 122 4| 78 —1 344 [int(value(vr[il[j1))])

print

+
—y

Wall time: 3.06 s
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In [34]:

from unionfind import *

with open(' data/nurikabe.txt’) as fp:
nw, nh = [int(s) for s in fp.readline().split(," )]
rw, rh, r2 = range(nw), range(nh), range(2)
ch = [fp.readline() for j in rh]

m = LpProblem(’ ",

LpMaximize)

vb = [[addbinvar () for j in rh] for i in rw] # O:white, 1:black (1)
m += |pSum(v for vv in vb for v in vv) # onj func

def dirs(i, j):

return [(i +x -y, j+x+y—-1) for x in r2 for y in r2 ¥
ifO<&<=i+x-y<nwand 0<=j+x+vy-1<nh]

def make(lst, i, j, n, w):
if len(w) == n:
[st. append (w)
return
for a, b in dirs(i, j):
if (a, b) not inwand all([(c, d ==w[0] or ch[d]l[c] =="." for ¢, d in
dirs(a, b)1):
make (Ist, a, b, n, w+ [(a, b)])
for i in rw:
for j in rh:

ifi<nw-1and j<nh-1:

m += lpSum(vb[i + k1[j + 1] for k in r2 for | inr2) <=3 # (3)
if ch[jl[i] ==".": continue
Ist = []
make (Ist, i, j, int(ch[j1[i1), [C, DI)

Ist = [u[0] for u in itertools. groupby (Ist)]
vt = [addbinvar () for w in Ist] # (2)

m += IpSum(vt) == 1 # (4)

for k, w in enumerate(Ist):

bd =
bd
m +=

in bd) <=¥

while True:

[(c, d for a, b inwfor ¢, d in dirs(a, b) if (c, d) not in w]
list (set(bd))
[pSum(vb[x] [y] for x, vy in w) + len(bd) — IpSum(vb[x][y] for x, vy

(len(w) + len(bd)) * (1 - vt[k]) # (5)

%time m.solve()

if unionfind.

break

isconnected ([[value (vb[il[j1) > 0.5 for j in rh] for i in rw]l):

m += lpSum(vb[i][j] for i in rw for j in rh if value(vb[il[j]) < 0.5) >=1#

(6)

for j in rh:

for i in rw:

print(ch[jl[i] if ch[jI[i]l '="." else '"." if value(vb[i]l[j]) <

0.5 else "#, end=" ')

print

all time: 62 ms
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from unionfind import *
L=9# limit length from ' ?
with open( data/hotaru.txt’) as fp:
nw, nh, nn = [int(s) for s in fp.readline().split(,")]
rw, rh, rwl, rhl, rn, r4 = range(nw), range(nh), range(nw - 1), range(nh - 1),
range (nn), range (4)
hh = [fp.readline().strip().split(,’) for k in rn] # x, vy, turn, dir
bh = [[(-1, 0) for j in rh] for i in rw]l # (id, dir) of hint
for k, h in enumerate (hh):
hh(k] = hc = [int(h[0]), int(h[1]), =2 if h[2] == "7 else int(h[2]), 'LTRB'.i
ndex (h[3]) ]
bh[hc[0]][hc[1]] = (k, hc[3])
m = LpProblem()
cc = [[[LpAffineExpression() for j in rh] for i in rw], # check node overlap ¥
[[LpAffineExpression() for j in rh] for i in rwl], # check h_line overlap ¥
[[LpAffineExpression() for j in rh1] for i in rw]] # check v_line overlap
vas = []
def make(cands, x, y, n, d, p0, q0):
dx, dy = [-1, 0, 1, 0][d], [0, -1, O, 1][d]
nx, ny = x +dx, y + dy
if n==-1or (hx, ny) in p0 or not (0 <= nx < nw and 0 <= ny < nh) or len(p0
) > L: return
p, 9 =p0 + [(nx, ny)], 90 + [(0, nx, ny), (1, nx, ny), O, x, y), (1, x, y)1[d
d + 1]
i f bh[nx][ny] [0] >= 0:
if n<=0and d != (bhlnx][nyl[1] + 2) % 4:
cands. append ((p, @))
return
for k in r4: make(cands, nx, ny, n if d=kelsen-1, k, p, q)
for h in hh:
cands = []
make (cands, h[0], h[1], h[2], h[3], [(h([0], h(1D]1, [D
vv = [addbinvar () for cand in cands]



m += |pSum(vv) == 1
for i in range(len(cands)):
vas. append ((vv[i], cands[i]))
for j, (w, x, y) in enumerate(cands[i][1]):
cc[0] [cands[i1[0][j]1[0]1] [cands[il1[0][j]1[1]1] += vv[i]
cclw + 11[x][y] += vv[il
for i in rw:
for j in rh:
m += cc[01[i1[j] <=1
if i <nw-1:m+=cc[1][i]l[j] <=1
if j<nh-1:m+=cc[2][i][]j] <=1
while True:
%time m.solve()
u = unionfind(nn)
| =[]
for va, cand in vas:
if value(va) > 0.5:
|. append (va)
(x1, y1), (x2, y2) = cand[0][0], cand[0][-1]
u.unite (bh[x1][y1][0], bh[x2][y2][0])
if all([u. issame(0, k) for k in rn]): break
m += lpSum(l) <= len(l) -1
bd =[[" "] * 2*nw-1) for j in range(2 * nh - 1)]
for h in hh: bd[h[1] * 2][h[0] * 2] =2 if h[2] < 0 else str(h[2])
for va, cand in vas:
if value(va) > 0.5:
for w, x, v in cand[1]: bd[2 * y + w][2 * x + 1 —w] = "—| [w]
for b in bd: print( . join())

Wall time: 49 ms
Wall time: 48 ms
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In [40]: with open(' data/stainedglass. txt’) as fp:
nn, np = [int(s) for s in fp.readline().split(,’)]
rn, rp, r2 = range(nn), range(np), range(2)
hh = [fp.readline().split(,’) for i in rn]

m = LpProblem()
v = [addbinvar ) for j in rpl # (1)
for i in rn:
| = [vlint(s)] for s in hh[i][1:]]
if hh[i][0] == "W :
m += IpSum(l) <= (len(l) = 1) // 2 # (2)
elif hh[i][0] == "B':
m+= IpSum(l) >= (len(l) +2) // 2 # (2)
else:

m+= IpSum(l) == len(l) // 2 # (2)
%time m.solve()
for j in rp:
if value(v[jl) > 0.5: print(j, end=" ")
print()

Wall time: 50 ms
145638



SENZAYDEESH

T—2A (data/satogaeri.txt)

fix] =8

i | iz i
2 0. ey | | Ko
I 0 | )
1 W1
= 17
1} | TE K] i
__:_ 1) I S [ i
&3 | 7
B 1z i
£ N R

o 0ZATIANVTNMZFOTCREIL. TATDoA, KIRT

RYonf=&Zs(E)12(22F12FDALLSIZLET
s ODHDHFI. BETEIVREERLET
o BFOHEVOIXMIRBETHNTHFEHLEWLEHYET)
o OMBEILI-EO. tMDoDHEECAICIFEBETEEZEA

il 9
. HE



In [41]:

from collections import defaultdict
with open(' data/satogaeri.txt’) as fp:
nw, nh, nn = [int(s) for s in fp.readline().split(, )]
mx, rw, rh, rn, r2 = max(nw, nh) + 1, range(nw), range(nh), range(nn), range(2)
ch = [[c for ¢ in fp.readline()] for j in rh]
hh = [list(map(int, fp.readline(.split(,’))) for k in rn]
dic = defaultdict(list)
for i in rw:
for j in rh: diclch[jI[il].append((i, j))
for x, y, nin hh: chly]l[x] = "«
def chk(xy): return 0 <= xy[0] < nw and 0 <= xy[1] < nh and ch[xy[1]][xy[0]] !="
<
m = LpProblem()
vlis =[]
vo = [[[] for j in rh] for i in rw]
cc = [[LpAffineExpression() for j in rh] for i in rw]
for x, y, n in hh:

cands = []
if n==0: cands. append([(x, y)])
for p in r2:

for q in r2:

dx, dy =p-gq, p+q-1
| = list(itertools. takewhile(chk, [(x + dx * k, y + dy * k) ¥
for k in range(1, 1 +n if n>= 0 else mx)]))
if len(l) > 0 and (h < 0 or len(l) ==n):
for k in range(0 if n <0 else len(l) =1, len(l)):
cands. append ([ (x, y)] + I[:k + 1])
v = [addbinvar () for cand in cands]
m += |pSum(v) ==
for k, cand in enumerate (cands) :
vls. append ((v[k], cand))
for i, j in cand: cclil[j] += v[k]

vo[cand[-1]1[0]] [cand[-1][1]]. append (v[k])
for i in rw:
for j in rh:
m+= cclillj] <=1
for ¢, Ist in dic.items():
m += lpSum(IpSum(vo[il[j]) for i, j in Ist) ==
%time m.solve()
for vl, cand in vlis:
if value(vl) > 0.5:
d=1if cand[0][0] == cand[-1][0] else O
for i, j in cand[:-1]1: ch[j1[i] = "-|" [d]
chlcand[-1][1]] [cand[-1] [0]] = "«
for s in ch: print(’. join(s), end=" ")

Wall time: 40 ms
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In [42]: import codecs
with codecs. open (' data/skeleton. txt', 'r’, 'utf-8) as fp:
nw, nh, nn = [int(s) for s in fp.readline().strip(u ¥ufeff ).split(, )]
rw, rh, rn, r4 = range(nw), range(nh), range(nn), range(4)
ch = [fp.readline() for j in rh]
wds = [fp.readline().strip() for i in rn]
m = LpProblem()
vo = [[addvar () for j in rh] for i in rw]
dic, dic2, dic3 = {}, {}, {}
for wd in wds:
for ¢ in wd:
if ¢ not in dic: dic[c], dic2[len(dic2)] = len(dic2), ¢
| = dic3. setdefault(len(wd), ([1, [1))
[ [0]. append (wd)
M= len(dic) + 1
def chk(xy): return 0 <= xy[0] < nw and 0 <= xy[1] < nh and chlxy[1]][xy[0]] !="

for i in rw:
for j in rh:
if i ==0o0r ch[jl[i - 1] ==".":
sp = list(itertools. takewhile(chk, [(i + k, j) for k in rw]))
if len(sp) > 1: dic3[len(sp)][1]. append (sp)
if j=0or ch[j - 1][i] ==".":
sp = list(itertools. takewhile(chk, [(i, j + k) for k in rw]))
if len(sp) > 1: dic3[len(sp)][1]. append (sp)
for nl, (wl, pl) in dic3. items():
nc = len(wl)
vb = [[addbinvar ) for j in range(nc)] for i in range(nc)]
for i in range(nc):
m += lpSum(vb[i]) ==
m += |pSum(vb[k][i] for k in range(nc)) ==
for j in range(nc):
wd = wl[j]
for k in range(nl):
(x, y), a=npllillk], dic[wd[k]]
m+=vol[x][y] <=a+Mx (1 - vb[il[j])
m+= vo[x][y] >=a - Mx* (1 - vb[i]l[j])

%time m.solve()
for j in rh:
for i in rw:
print( ' if ch[jl[i] =="." else dic2[int(value(volil[j1))], end=" ")
print ()

Wall time: 38 ms
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