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graphillion Z{E>THELD(1)

* ’r>X —JL (Mag, Linux)

EJ{F N
$ easy_install graphillion http://graphillion.org
MhoAHoO—K EJLKR
* python 423 71) 2% {2 Ef
$ python

« LT3 DAR—k

>>> from graphillion import GraphSet

graphillion Z{E>THELD(2)

® 7‘570)%%& 21K 57 (universe)
* networkx 4751 ERLC s=lg 29 ‘e
JER: AT ThELy) AEETEL2s,.. | ’ ‘
7. 8l L
B:TERDETIL (1,2) % (2,3) BE 't=9
552: D) Ak [(1, 2), (1, 4), (2, 3), (2, 5), (3, 6), (4, 5), (4, 7),
(5,6),(5,8),(6,9),(7,8), (8,9)]

« 2KTSTDERTE

>>> GraphSet.set_universe( [(1, 2), (1, 4), (2, 3), (2,5),
(3,6), (4,5), (4,7).(5, 6), (5,8), (6,9), (7, 8), (8,9)])
graphillion Z{E>THKLD(3) graphillion TTE4Z&(1)
24{K%' 57 (universe) 24K 57 (universe)
> 5= 17 j—ZQ i ) o N >>> print paths.len() S= ljfij'ji“
o st REBEINET S A cHDhIUL AR
oS0 ‘o "9-te
L gl L « BEHTTTITHT BHIE Losl L
— o @t=9 i W t=9
>>> for p in paths:
>>> paths = GraphSet.paths(1, 9) <« — — BlHICIE AL S print p

paths ZHIZ, SR T TDEEHIEMIND
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graphillion TTE4Z&(1)

2{K%' 57 (universe)
s=1_ 2. 3.

N 5!;&0) jJ '-7 V) I“ IZ> print paths.len()

, 5666,
« RED T ST T HNE AASI
>>> for p in paths: Tt =9
print p
[(1, 2), (2, 3), (3, 6), (4,5), (4,7), (5, 6), (7 86,9

[(1,2), (2,3), (3, 6), (5, 6), (5, 8), (8 9)]
[(1,2), (2,3), (3, 6), (6,9)]

(L, 2), (2,5), (4,5), (4, 7), (7, 8), (8, 9)]
[(L, 2). (2, 5). (5, 6), (6,9)]

[(1,2), (2,5), (5, 8), (8 9)]

[(1, 4), (2,3), (2,5), (3, 6), (4,5), (6,9)]
(L, 4), (2, 3), (2,5), (3, 6), (4, 7), (5,8), (6 19, (7, 8)]
[(1, 4). (4,5), (5, 6), (6,9)]

[(1, 4), (4,5), (5, 8), (8,9)]

[(1, 4), (4, 7). (5,6), (5, 8), (6,9), (7, 8)]
(1, 4).(4.7).(7.8),(8 9]

graphillion TTEAZ&E(2) 259 wese

s=lg 2929
- BEOEVIEC, 555 TELE 4/{%%
7. 8 L
>>> for p in paths.min_iter(): OO 9Yt=9
print p

[(1,4),(4,7),(7,8), (8 9)
(1, 4). (4,5), (5, 8), (8,9)]
[(1, 4). (4,5), (5, 6), (6,9)]
[(1,2), (2,5), (5, 8), (8,9)]
[(1,2), (2,5), (5, 6), (6,9)]
(1, 2), (2, 3). (3. 6), (6,9)]
(1, 4). (4. 7). (5,6),(5,8),(6,9), (7, 8)
[(1,4), (2,3), (2,5), (3, 6), (4,5), (6, 9)
[(1,2), (2,5), (4,5), (4, 7), (7, 8), (8 9)
[(1,2), (2, 3), (3, 6), (5, 6), (5,8), (8, 9)
(1, 4), (2, 3), (2,5), (3,6), (4,7),(5,8), (6 19, (7, 8)]
(1. 2), (2, 3), (3, 6), (4,5), (4, 7), (5,6), (7 +8),(8,9)]

graphillion TTEAZ&E(3) w9 wese

s=1_ 2 3_

e e | sl 6l
o (—H)TUA LIZ1DHH 4\[;%5;?6:[:
>>> p = paths.choice() 71';—817;‘%; Jt=9
>>> print p
[(1,2). (2.3), (3,6), (4,5), (4, 7), (5,6), (7 +8), (8,9)]

s [HRSZ R AHRIEDAHZ

>>> paths2 = paths.including(5)

graphillion TTE4Z&(4)

2K 57 (universe)
s=1_ 2 3_

e IL[Z, TER3ZELILY o0

o] 6l
4.l 5. 6L
FEERDHZHH ®—o—9
>>> paths3 = paths2.excluding(3) 7‘ :ﬁ;;% t=9
= Dibu Bibhu B
SO b B




—
graphillion TTE52&(5) B

é{$’7‘5/7"(”universe)
s=1_ 2. 3
« LICEAHZEDITT. EADFH o=
N — 4L
BA-BINDEHTSTERDD :
7.
>>> weights = {} ;

>>> weights[(1, 2)] = 3.2
>>> weights[(1, 4)] = 1.7

L s

1.l
1

Lo Lo

|

9

# (&)

>>> weights[(8, 9)] = 6.2

>>>

>>> jter = paths3.max_iter(weights)

>>> pl = iter.next() < —&ZBEUREK
>>> p2 = iter.next() < — ZEBIZRUVLERIR

BDOEHIF. BEX— EHE/Na—ETET192aFITERD
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graphillion ME (1)

* JR (Japan Railway) D & #E X
TEEH: 4534, D% 4646 ==ILER (FEA) ~=mER (FERIL) ORFE

>>> GraphSet.set_universe(jrmap)

>>> weights = read_weights()

>>>

>>> paths = GraphSet.paths(*1111553”, “1193021")
>>> paths.len()

1112870539692503649611518720

T—4EE: BRT—4%.jp
http://ekidata.jp

ETERER:258.16 7 Intel Xeon E5-1620 3.60GHz
fERAAEY:12.4GB

BREEERLTREIATVS

ZDDEEASE|F

graphillion ME A (2)

« JR(Japan Railway) D iR X
TER#: 4534, D8 4646 RACER(FEM) ~&EER (FARIL) DFFEE
REEBERDD

>>> max_path = paths.max_iter(weights).next()
>>> print len(max_path)
2650 «
>>>sum = 0.0
>>> for edge in max_path:
sum += weights[edge]

>>> print sum
10337.3  « OEERE
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{e1, e2, e5}, {el, e3, e4, e7}, {el, e5, e8, e12},
{e3, e7, e9}, {e2, €6, e7, 8, €9, e10}, {ed},
{el, e4, e6, 8}, {el, €2, e5, €8}, {el, €9, €10},
{e4, e5, e9}, {el, e3, e4, e5, €9, el1}, {eb, e7},
{el, e4, e5}, {el, 5, €8, €10}, {e2, e5, el1},
{e5, e8, e9}, {e2, e3, e7, e8}, {e10, el1l, el2},

DD
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root
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1 :1#3% (1-terminal) | 129242 o0 1 root M5 1 FTHDIERD/NRIZTH it
/—F e~ & nFhhrns DD | ZDD
@]ILE# 0 :O-terminal
el’ ez’“.’ e‘; ‘1 : 1-terminal
. : node with label €, ~ € Ny
7DD DEK ZDD D EAK

/—FiFotE1#%E1DT OHD

{ (&8} ({66} {6 € 6}
{666} {66} (&) }

1IDDEFH.
root M5 1 EFTDIARD/NRIZH G

ZDD

0 :O-terminal

1 :1-terminal

: node with label € ~ € -

root

/—RIFoBkE1%EIDT O1D

{ {616} {66} {666} ﬁ?z

{%9465},{%95}, ‘hl
‘
\7”

1IDDESH.
root Min 1 ETDIARD/NRIZXH I

/DD
0 :O-terminal
‘1 : 1-terminal
: node with label € ~ €
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B CF) ), 1), {c, ),

{b}, {b, d}, {b, ¢, d},
0 1 {a}, {a, d}, {a, ¢, d},

{a, b}, {a, b, ¢}, {a, b, d},

{a, b, c, d}
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ORI

. 5 {d}, {c}, {c, db,
{b}, {b, d}, {b, ¢, d},
0 i1 {a}, {a, d}, {a, ¢, d},
{a, b}, {a, b, c}, {a, b, d},
{a, b, c, d}
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E@\ @E {d}, {c}, {c, d},
1

{b}, {b, d}, {b, c, d},

{a}, {a, d}, {a, c, d},
{a, b}, {a, b, c}, {a, b, d},
{a, b, c, d}
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RILHFRLZE. REREZSETITHES

R. Yoshinaka, T. Saitoh, J. Kawahara, K. Tsuruma, H. lwashita, S. Minato.
Finding all solutions and instances of numberlink and slitherlink by ZDDs. 4
Algorithms, 5, 176-213, 2012. ZDDEEMNSFIA

BRAERF-1: F/N—U2YJLiIN— 1/4

« JS57DMEELTERE

s1-t1 &
$2-t2 #2508

sptp $285

(BEUE IR EE)
ZRIFFRODHER-E

ZDDEEASE|F

BARAEFIL-1: FN—9Y)LiIN—2/4

» graphillion [ZI&. B, 8 2% imxt
BIRERH DAV YR

« FHEDITEBR T S7%KRHD
AIYREES

1

5

#h

\

g/
L
H

ZDDE

o« REDEH
o #R1G (si, ti) DXREIE
s ZNUNNDRENIFO F=(F 2

>>> universe = [...] “

>>> GraphSet.set_universe(universe)

>>> point_pairs =[[2, 6], [1, 11], [3, 22]]

>>> points = sum(point_pairs, [])

>>>

>>> deg_cons = dict([(v, 1) for v in
set(range(l, 37)) if v in points])

>>> deg_cons.update(dict([(v, (0, 2)) for v in
set(range(l, 37)) if v not in points]))

- 261,11,3,22]

{1:1,2:1,3:1,4:(0, 2),5:(0, 2),6:1,...

52 o
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BERAEHIL-1: FoN—) D ILR—4/4 EREGI-2: RVF =YD )LiN—1/4

[[2, 6], [1, 11], [3, 22]]

N _ENMTULBEFD
>>> solutions = GraphSet.graphs( / o« AYH—1)2% . REDDERES
vertex_groups=point_pairs, . o

degree_constraints=deg_cons, e o 9 o o 0 ¢ o o o 9" 0
no_loop=True) Va e o o o o o o =
>>> 2 . 2 .
>>> print solutions.len() ° 0 A 0 ¢ 0 0
1 e © o o & o o o ° L]
/ 2 2
s2 sl s3 1 e o o o o o o o
oo o 0 2 0 2
o t2 > ° [ ° ) ° ° ° ° ° °
J
) YAV ELEES
D
J
o~ . {1:1,2:1,3:1,4:(0, 2),5:(0, 2), 6:1,...
"/onf-fE . N
ZDDEENS5IH ZDDEEMNLEIA

BRAEGIL-2: RYF =)0 ILN—2/4 BREEHI1-2: RYHF—12HYJLIN— 3/4

e FDIZ. RADMFITEMBLT. YA UILET AR e RIZ. HDH1DNDTRIZER
TROS ZOTRADEEE-L WD YT STDHE

>>> universe = [...]

>>> GraphSet.set_universe(universe) >>> el = (15, 16)
e e e2 = (15' 23) L ] [ ] [ ] L ] L] L [ ] [ ]
>>> cycles = GraphSet.cycles() >>> e3 = (16, 24) . . 2 .. 0 . . lnell
>>> e4 = (23, 24) e? 5 %3
) [ o 3 ) ° e cle
>>> from itertools import 0 0
n a L ] [ ] [ ] L ] [ ] [ ] [ ] [ ]
combinations 9
>>>g_set = list(combinations([el, e o o o o o o o
€2, e3, e4], 2)) 0 2

>>>in_gs = GraphSet(g_set)
>>> cycles = cycles.including(in_gs)

ZDDEEHNSEIA




i AEH1-2: R)YF—1)2 9 )LiN—4/4

s RIZ. HDH1DDIRIZEH
ZDRADFNKZEHE-LTWSERR T 7D HEH

>>> g_set2 = list(combinations([el,
92193,94],3)) e o e o o o o o
>>> ex_gs = GraphSet(g_set2)

>>> cycles = cycles.excluding(ex_gs)

_h’éTA‘Cd)VZk’JL\‘Cﬁ'BO e o o o o o o o
/ont=En ISR

ZDDEEADEIFE

i A EG2: ERERD R FHER 1/10
FERr N /‘Q_/ rZ:IJ
i &94;

ECEEH

FTRTORIE
LESE1DDEERIC
DEN>TNDIRELDHS

HATILHRELCTIEULFAEL
EEMERET IRITEREH

<* o

5| : http://www.jst.go.jp/pr/announce/20120223/index.html

T. Inoue et al., “Distribution Loss Minimization with Guaranteed Error Bound,”
IEEE Transactions on Smart Grid, Vol. 5, Issue 1, 2014, pp. 102-111. °8

B FREHI2: BEEERD Ry FHERL 2/10

c REASEEHZINETD

>>> universe = [...]

>>> GraphSet.set_universe(universe)

>>> forests = GraphSet.forests(roots=[1, 9, 73, 81],
is_spanning=True)

>>> print forests.len()

54060425088

EREHI2: EERDRAYFHER 3/10

- B
c IDDEEMMREAREGRARERICHIBRLHD
HlBR %k 5
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>>> all_trees = GraphSet.trees()
>>> too_large_trees = all_trees.larger(6)
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>>> safe forests = forests.exciuding(too_large_trees)

B FREHI2: BERERD Ay FHERL 6/10

e BEZ 5NT-HER (RfTE2EFH) M. flNEH-T
MNEIMFRDS

>>> unsafe_forest =1...]
>>> unsafe_forest in safe_forests
False
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>>>
>>>
>>>
>>>
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unsafe_forest =1...]

weights = {}
for switch in universe:
weights[switch] = 1 if switch in unsafe_forest else -1

>>> for f in safe_forests.min_iter(weights):

print f
on_switches = [e for e in f if e not in unsafe_forest]
off_switches = [e for e in unsafe_forest if e not in f]
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* blocking set (hitting set)
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>>> failures = safe_forests.blocking()
>>> minimal_failures = failures.minimal()
| 3
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>>> universe = [...]

>>> GraphSet.set_universe(universe) y
>>> assignments = GraphSet.graphs([[1], [6], [10]])
>>>

>>> maximal_assignments = assignments.maximal()
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