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When the square is divided into 10 by 10, there are 1,568,758,030,464,750,013,214 160 ways!
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122 COMBINATORIAL SEARCHING (F1)

We can also use ZDDs to represent simple paths in an undirected graph.
For example, there are 12 ways to go from the upper left corner of a 3 x 3

grid to the lower right corner, without visiting any point twice:

BB HBERBHRBEB

These paths can be represented by the ZDD shown at the right, which charac-
terizes all sets of suitable edges. For example, we get the first path by taking

the HI branches at (13), (36), 68), and of the ZDD. (As in Fig. 28,
this diagram has been simplified by omitting all of the uninteresting

LO branches that merely go to

1E

.} Of course this ZDD isn’t a truly

great way to represent (132), because that family of paths has only 12
members. But on the larger grid Ps 0 Ps, the number of simple paths
from corner to corner turns out to be 789.360,053,252; and they can all
be represented by a ZDD that has at most 33580 nodes. Exercise 225
explains how to construct such a ZDD quickly.

A similar algorithm, discussed in exercise 226, constructs a ZDD

th%lg%,g‘_gﬁents all eycles of a given graph. With a ZDD of size 22275,
we can deduce that Py Ps has exactly 603,841,648,931 simple cycles.

=3
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122  COMBINATORIAL SEARCHING (F1) 7.1.4

We can also use ZDDs to represent simple paths in an undirected graph.
For example, there are 12 ways to go from the upper left corner of a 3 x 3
grid to the lower right corner, without visiting any point twice:

BB HBERBHRBEB

These paths can be represented by the ZDD shown at the right, which charac-
terizes all sets of suitable edges. For example, we get the first path by taking

rr - 28,
(KnuthdE b DFHK)

[--- 1 enjoyed the YouTube video about big

numbers, and shared it to several friends. ]

{6 -J_s}—{a]i‘-'

explains how to construct such a ZDD quickly.

A similar algorithm, discussed in exercise 226, constructs a ZDD
th%llg%g_gﬁents all eycles of a given graph. With a ZDD of size 22275,
we can deduce that Py Ps has exactly 603,841,648,931 simple cycles.
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ERATOMFERENE FTEMNHREEHEZETH (20134F12A8)
® Nn=26ETOHOEA LIFIZEIH

® /ILYT—DREMEDEELT-n=24 (201328 ) #2¥ K F @3,
o HrAaLIkEBmSLIZKIC,

FEE2TBOETE#2E 1 BRI EELTETE,

n The number of paths
1 2
2 12
3 184
4 8512
5 1262816
6 575780564
7 789360053252
8 3266508486981642
9 41044208702632496804
10 1568758030464750013214100
11 182413291514248049241470885236
12 64528039343270018963357185158482118
13 69450664761521361664274701548907358996488
14 227440714676812730631826450327989863387613323440
15 2266T745568862672746374567396713098934866324885408319028
16 68715115609119931587631563132418923282158794159680004572851190306
17 6344814611237963971310297540795524400449443986866480693646369387855336
18 17821128108120651298903381916652325275167838065701767655931152171605826692782532
19 1523344971704879993080742810319229690899454255323294555776029866737355060592877569255844
20 39628021008230375602072995171333625021063397057391637715152371133770106823610357067014172061910398
21 31374751050137102720420538137382214513103312193698723653061351991346433379389385793965576992246021316463868
22 TH5507028666734533066151012331522261935310373207240048116739141047951792570274136312341987038883317631987271171404439792
23 55435429355237477009914318489061437930690379970964331332556958646484008407334885544566386924020875711242060085408513482933945720
24 123717122312070647583387448626735708323730419800129043539678727080484951695515930485641394550792153037191858028212512280926600304581386791004
25 8402974857881133471007083745436809127296054293775383549824742623937028497898215256929178577083970960121625602506027316549718402106494049973375604247408

26 17369931353862792720311754404212364989003722290588288140604663703720910342413276134762789218193408006107082206223143380491348290026721931129627708738800853808108906396
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Open software: “Graphillion.org’

* Toolbox for ZDD-based graph enumeration.
— Easy interface using Python graph library.

L] 5_MemberList - ALG-Lab. x ¥ [ %ﬁ'ﬁﬂ*?ﬁﬁ_i@ﬁf&' fﬁ_ﬂ?‘_ﬁﬁ x E Gioogle hlok— % ' | Compact Data Structures | % O takemaru/eraphillion « GitH x
¢« = C |I'E)I GitHub, Inc. [US]lhttps:ffgithub.comftakemaru,-”gr“aphillion#gr”aphiIIion———fast—lightweight—libr“a ry—for-a—huge—number-of-graphs
Y R e b - 2ERE- gk ERATO BEERIEIE- Shin-ichi Minata's H- [ Gooele Hlws— [ Minato's Indicator U+ % 88 - EIFHAGEL  oF ANAdesk  oF #1283 T 226
GitH“b This repository ~ | Search or type a command ® Explore Features Enterprise Blog Sign
takemaru / graphillion # Star 70 9 Fork
Fast, lightweight graphset operation library
4> Code
363 commits T branches 4 releases 2 contributors
S T @ Issues
1 i# branch- master + graphillion / [ I Pull Requests
Merge branch w0 95rc
4~ Pulse
A takemaru authored 11 days ago latest commit £b23d768£7 e
B cmake initial commit 9 months ago [shs Graphs
2015P6.01 B doc make figures smaller 6 months ago ' Metwork 48




Graphillion Fa—k) 7 JLEIE

Bl, BRAZAD Graphillion ZEI>TWLWES -
If she'd known Graphillion at that time...

i3

Graphillion: #{x _E 7 &1 X & AZH X / Don't count naively

,7 JST Channel - 220 X OHE 8,830
@ D F+>+/L8E RS 74
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from graphillion import GraphSet

import graphillion.tutorial as tl
GraphSet.set _universe(tl.grid(4, 4))

s, G, a, b, L =21, 5, (17,18), (1e,15),
P = GraphSet.paths(S, G).len(L)

"(1)', len(P.including(a))
20

"(2)', len(P.excluding(a).including(b))
o

def E(P): # 2S5 P D/VR &8 DHEDAFFE

L = 8.
for p in P:
for e in p:

8

Graphillion T2 LN =51

if e ==a: L += 1
elif e == b: L += 8
else L o += 2

return L / len(P)

(3)7, E(P)
17.8

51
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>»> P = GraphSet.paths(S, G)

»»> '"(1)', len(P.including(a))

(1) 3322

»»>» "(2)', len(P.excluding(a).including(b))
(2) 2698

»»>» '(3)', E(P)

(3) 37.4881296992
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