
SATιϧόʔͷํ͍
—ΛSATʹූ߸Խ͢Δํ๏—

ాଜ ೭1,a)  ߶ल1,b) ൪ݪ ກଇ1,c)

֓ཁɿSATιϧόʔɼ༩͑ΒΕͨ࿈ݴඪ४ܗͷ໋ཧࣜ (CNFࣜ)Λຬͨ͢ղΛ୳͢ࡧ

ΔϓϩάϥϜͰ͋ΔɽKnuth ʹΑΔஶ໊ͳڭՊॻ The Art of Computer Programming ͷ

Ͱɼ300ϖʔδҎ্ͷྔ͕৽࠷ SATιϧόʔͱͦͷԠ༻ͷઆ໌ʹׂ͔Εɼۙ࠷ͷ

ϗοτͳτϐοΫͷҰͭͱͳ͍ͬͯΔɽ͜ͷΑ͏ͳ SATιϧόʔͷൃలΛഎܠͱ͠ɼղ͖

͍ͨΛ CNFࣜʹม (SATූ߸Խ)͠ SATιϧόʔͰղΛٻΊΔख๏͕͞Ε͍ͯ

Δɽ͔͠͠ɼղ͖͍͕ͨෳࡶͳ߹ɼͦΕΛ SATූ߸Խ͢Δ͜ͱ͔ͳΓ໘ͳ

ͦʹ࣍ɽΘΓʹɼ·ͣ༩͑ΒΕͨΛม্ͷ੍Ϟσϧͱͯ͠ఆࣜԽ͠ɼͩࣄ

ͷ੍Ϟσϧͷ SATූ߸ԽΛ͑ߟΔํ๏͕༗ޮͰ͋Δɽͦ͜ͰɼຊൃදͰ্هͷ Knuth

ͷڭՊॻͰऔΓ্͛ΒΕ͍ͯΔྫΛࡐͱ͠ɼ੍ϞσϧɾSATූ߸Խͷબࢶʹͭ

͍ͯઆ໌ɾൺֱΛ͍ߦɼSATιϧόʔΛΑΓ༗ޮʹར༻͢Δํ๏Λհ͢Δɽ

ΩʔϫʔυɿSATιϧόʔ, SATූ߸Խ, ੍Ϟσϧ

1. ͡Ίʹ

2015ͷʹɼνϡʔϦϯάडऀͷKnuth

ʹΑΔ༗໊ͳڭՊॻ “The Art of Computer Pro-

gramming”ͷ࠷৽ [6]͕ग़൛͞Εͨɽͦ͜Ͱ

ɼ300ϖʔδҎ্ͷྔ͕ “SAT”ʹඅ͞Εͯ

͍Δɽ

SAT ͱ໋ཧͷॆՄੑ (satisfiability)

ͷུͰ͋Γɼ༩͑ΒΕͨ࿈ݴඪ४ܗ (Conjunctive

Normal Form; CNF)ͷ໋ཧࣜ (CNFࣜ)Λਅ

ʹ͢ΔׂΓ͕ͯଘ͢ࡏΔ͔൱͔Λఆ͢Δ

Ͱ͋ΔɽۙʹͳͬͯɼSATΛղͨ͘Ίͷϓϩ

άϥϜͰ͋Δ SATιϧόʔ ͷੑ͕ඈ༂తʹ

1 ਆށେֶ ใج൫ηϯλʔ
a) tamura@kobe-u.ac.jp
b) soh@lion.kobe-u.ac.jp
c) banbara@kobe-u.ac.jp

্͠ɼϋʔυΣΞূݕɼιϑτΣΞূݕɼ੍

ॆͷʹ͍ͭͯɼͦΕΒΛ໋ཧͷ CNF

ࣜʹม (SAT ූ߸Խ; SAT encoding) ɼޙͨ͠

SATιϧόʔʹղ͔ͤΔ͜ͱͰݩͷͷղΛٻ

ΊΔํ๏͕࣮༻తʹͳ͍ͬͯΔɽKnuthɼલड़

ͷ [6]ͷংจͰʮSATɼඇৗʹଟ͘ͷΛղ͘

ͨΊͷݤͱͳΔ͜ͱ͔Βɼ໌Β͔ʹ killer appͩʯ

ͱड़͍ͯΔɽ

͔͠͠ɼղ͖͍͕ͨෳࡶͳ߹ɼͦ ΕΛ

SATූ߸Խ͢Δ͜ͱ͔ͳΓ໘ͳͩࣄɽΘ

Γʹɼ·ͣ༩͑ΒΕͨΛม্ͷ੍Ϟ

σϧͱͯ͠ఆࣜԽ͠ɼ࣍ʹͦͷ੍Ϟσϧͷ SAT

ූ߸ԽΛ͑ߟΔํ๏͕༗ޮͰ͋Δ [18]ɽ

ͦ͜ͰɼຊߘͰ্هͷ KnuthͷڭՊॻͰऔ

Γ্͛ΒΕ͍ͯΔΫΠʔϯάϥϑ࠼৭Λࡐ

ͱ͠ɼ੍ϞσϧɾSATූ߸Խͷબࢶʹ͍ͭͯ

આ໌ɾൺֱΛ͍ߦɼSATιϧόʔΛΑΓ༗ޮʹར

第58回プログラミング・シンポジウム 2017.1.6-8

165



Q q q q q

q q Q q q

q q q q Q

q Q q q q

q q q Q q

ਤ 1 5 ৭ͷ࠼ΫΠʔϯάϥϑ࣍ 2 ॏपظղͷྫ

༻͢Δํ๏Λհ͢Δɽ

ͳ͓ɼSATιϧόʔͷ֓ཁʹ͍ͭͯهड़͞Εͯ

͍Δจݙʹ [1], [2], [3], [5], [10] ͳͲ͕͋Δɽಡ

ऀͷߟࢀʹ͞Ε͍ͨɽ

2. ΫΠʔϯάϥϑ࠼৭

ΫΠʔϯάϥϑ࠼৭ (Queen graph coloring

problem)ɼN ͷͭͣݸ N ͷάϧʔϓ͔Βͳݸ

ΔΫΠʔϯ ܭ) N2 ΛɼN(ݸ ×N ͷνΣε൫ʹɼ

ಉ͡άϧʔϓͷΫΠʔϯಉ͍ޓ͕࢜ʹऔΒΕͳ͍

Α͏ʹஔ͢ΔͰ͋Δɽ

͜ͷ N2 ͔ΒΔΫΠʔϯάϥϑ *1

Λ N ৭ͰృΓ͚Δάϥϑ࠼৭ (graph col-

oring problem)Ͱ͋Δɽͭ·ΓɼҰखͰΫΠʔ

ϯ͕ҠಈͰ͖ΔϚεಉ͕࢜ಉ৭ʹͳΒͳ͍Α͏ʹɼ

֤ϚεΛ N ৭ͰృΓ͚ΔͱݟͳͤΔɽ·

ͨ N ࣍ ର֯ϥςϯํਞ (diagonal Latin square)

ͱݺΕΔ͜ͱ͋Δ *2ɽ

George Pólya N ≡ ±1 (mod 6) ͷ࣌ʹ͚ͩ

2ॏपظతͳղ͕ଘ͢ࡏΔ͜ͱΛࣔͨ͠ɽਤ 1ʹ 5

࣍ (N = 5)ͷ (2ॏपظతͳ)ղΛࣔ͢ɽ1ߦΛ

2ྻ͚ͩӈʹճసͤͨ͞ͷ͕ ʹͳͬͯߦ2

͓ΓɼҎԼಉ༷Ͱ͋Δɽಉ৭ʹృΒΕͨΫΠʔ

ϯಉ͍࢜ޓʹऔΒΕͳ͍ஔʹͳ͍ͬͯΔɽ

ΑΓʹػࢉܭ N = 2, 3, 4, 6, 8, 9, 10 ͷ߹ʹղ

͕ଘ͠ࡏͳ͍͜ͱ͕͔֬ΊΒΕͨͨΊɼ͠ Β͘ͷ

ؒɼPólyaͷ݅ΫΠʔϯάϥϑ࠼৭ͷղͷ

*1 νΣε൫ͷϚεΛͱ͠ɼಉҰߦɼಉҰྻɼಉҰର
֯ઢ্ʹ͋ΔϚεಉ࢜ΛลͰ݁Μͩάϥϑɽ͜͜Ͱɼ
ओର֯ઢʹฒߦͳࣼΊͷઢͯ͢Λର֯ઢͱݺͿɽ

*2 ҟͳΔʹ͍ޓͱ֤ྻʹՃ͑ɼ֤ର֯ઢʹ͍ͭͯߦ֤
͕ݱΕΔϥςϯํਞɽର֯ϥςϯํਞʹɼผͷఆ
ٛ͋Δɽ

Qqqqqqqqqqqq
qqqqqqqqQqqq
qqqqqqQqqqqq
qQqqqqqqqqqq
qqqqqqqQqqqq
qqQqqqqqqqqq
qqqqqqqqqqqQ
qqqQqqqqqqqq
qqqqqqqqqqQq
qqqqQqqqqqqq
qqqqqqqqqQqq
qqqqqQqqqqqq
ਤ 2 12 ৭ͷղͷྫ࠼ΫΠʔϯάϥϑ࣍

ଘࡏΛද͢ඞཁे݅ͱ͑ߟΒΕ͍ͯͨɽ࣮ࡍɼ

1979ʹMartin Gardner N ≡ ±1 (mod 6)ͷ

ղͯ͠ड़͍ͯΔɽ͠ޡΔͱ͢ࡏղ͕ଘ͚ͩʹ࣌

͔͠ɼ2003ʹ N = 12 ͷղ͕ Michel Vasquez

ͱ Günter Stertenbrink ʹΑͬͯಠཱʹൃ͞ݟΕ

ͨ (ਤ র)ɽͪΖΜ͜ͷղࢀ2 2ॏपظతͰ

ͳ͍ɽͦͷޙɼ2005·Ͱʹ 11Ҏ্ 26ҎԼͷ͢

ͯͷ N ʹର͠ղ͕ൃ͞ݟΕ͍ͯΔɽ

άϥϑ࠼৭ KnuthͷڭՊॻͰ࠷ॳͷ෦

 (p.6–8)ͰऔΓ্͛ΒΕɼ͞Βʹ 99–100ϖʔδ

Ͱछʑͷ SATූ߸ԽΛൺֱ͢ΔͨΊʹΫΠʔϯά

ϥϑ࠼৭͕༻͍ΒΕ͍ͯΔɽ

3. ΫΠʔϯάϥϑ࠼৭ͷ੍Ϟ
σϧ

ΫΠʔϯάϥϑ࠼৭ͷ੍ϞσϧΛ 2௨Γ

ࣔ͢ɽ·ͣɼू ߹N, U, DΛ࣍ͷΑ͏ʹఆٛ͢Δɽ

N = {0, 1, . . . , N − 1}

U = {0, 1, 2, . . . , 2N − 2}

D = {1−N, 2−N, . . . , N − 1}

N ɼߦ൪߸ i, ྻ൪߸ j, ΫΠʔϯͷ৭ k ͷऔ

ΓಘΔͷू߹Λද͍ͯ͠ΔɽU  i+ j ͷऔΓ

ಘΔͷू߹Ͱ͋Γɼӈ্͕Γͷର֯ઢʹରԠ͢

Δɽಉ༷ʹ D  i− j ͷऔΓಘΔͷू߹Ͱ͋Γɼ

ӈԼ͕Γͷର֯ઢʹରԠ͢Δɽ
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3.1 ৭มϞσϧ

৭มϞσϧ ɼΫΠʔϯͷ৭Λมͱ͠

੍ͨϞσϧͰ͋Δɽ

Ґஔ (i, j) ʹஔ͞ΕͨΫΠʔϯͷ৭Λม

 cij Ͱද͢ɽ

cij ∈ N (i, j ∈ N)

ߦ֤ i ʹ͍ͭͯɼஔ͞Ε͍ͯΔ N ͷΫΠʔݸ

ϯͷ৭͕͍ޓʹҟͳΔͱ͍͏݅ɼҎԼͷ੍

Ͱද͞ΕΔɽ

alldiff {cij | j ∈ N} (i ∈ N)

͜͜Ͱ alldiff {z1, z2, . . . , zn} ɼalldifferent੍

 ͱݺΕΔͷͰ zi ͷ͕͍ޓʹҟͳΔ͜ͱ

Λҙຯ͢Δɽ

ಉ༷ʹɼ֤ྻɼ֤ӈ্͕Γର֯ઢɼ֤ӈԼ͕Γ

ର֯ઢʹஔ͞Ε͍ͯΔΫΠʔϯͷ৭͍ޓʹҟ

ͳΔ͔ΒҎԼͷ੍͕ಘΒΕΔɽ

alldiff {cij | i ∈ N} (j ∈ N)

alldiff {cij | i, j ∈ N, i+ j = u} (u ∈ U)

alldiff {cij | i, j ∈ N, i− j = d} (d ∈ D)

ߦΔͨΊɼ0͢ڈɼରশతͳղΛআʹޙ࠷ j ྻ

ʹஔ͞ΕΔΫΠʔϯͷ৭Λ j ఆ͢Δɽݻʹ

c0j = j (j ∈ N)

3.2 ҐஔมϞσϧ

ҐஔมϞσϧɼ֤ ஔ͞Ε͍ͯΔΫΠʔʹߦ

ϯͷྻ൪߸Λมͱ੍ͨ͠ϞσϧͰ͋Δɽ

ม yik ͷɼ৭ k ͷΫΠʔϯ͕ߦ i Ͱ

ஔ͞Ε͍ͯΔྻ൪߸Λද͢ɽ

yik ∈ N (i, k ∈ N)

ߦ֤ i ʹஔ͞Ε͍ͯΔ N ৭ͷΫΠʔϯͷྻ

൪߸͍ޓʹҟͳΔͱ͍͏݅ɼҎԼͷ੍Ͱ

ද͞ΕΔɽ

alldiff {yik | k ∈ N} (i ∈ N)

·ͨɼ֤৭ͷΫΠʔϯʹର͠ҎԼͷ੍͕ಘΒ

ΕΔɽ

alldiff {yik | i ∈ N} (k ∈ N)

alldiff {yik + i | i ∈ N} (k ∈ N)

alldiff {yik − i | i ∈ N} (k ∈ N)

ॳͷ੍ɼಉҰͷྻ൪߸ʹΫΠʔϯ͕ஔ͞࠷

Εͳ͍͜ͱΛද͍ͯ͠Δɽ࣍ͷ੍ ྻ൪߸ +

ҟͳΔ͜ͱɼ͢ʹ͍ޓ൪߸ͷ͕ߦ ͳΘ֤ͪӈ্͕

Γର֯ઢ্ʹ 2ͭҎ্ͷΫΠʔϯ͕ஔ͞Εͳ͍͜

ͱΛද͢ɽಉ༷ʹɼޙ࠷ͷ੍ ྻ൪߸−ߦ൪߸
ͷ͕͍ޓʹҟͳΔ͜ͱɼ͢ͳΘ֤ͪӈԼ͕Γର

֯ઢ্ʹ 2ͭҎ্ͷΫΠʔϯ͕ஔ͞Εͳ͍͜ͱ

Λද͢ɽ

ߦ0 j ྻʹஔ͞ΕΔΫΠʔϯͷ৭Λ j ʹ

ఆ͢Δ੍ҎԼͷ௨ΓͰ͋Δɽݻ

y0j = j (j ∈ N)

4. ΫΠʔϯάϥϑ࠼৭ͷ SATූ
߸Խ

ड़੍ͨ͠ϞσϧͷهɼલઅͰʹ࣍ SATූ߸Խ

ʹ͍ͭͯड़Δɽ

4.1 มͷ SATූ߸Խ

৭มϞσϧ͓ΑͼҐஔมϞσϧͰɼ

ม͕ར༻͞Ε͍ͯΔɽมͷ SATූ߸Խʹ

༷ʑͳํ๏͕ఏҊ͞Ε͍ͯΔ͕ɼ͜͜Ͱ

ූ߸Խ [4]ͱॱংූ߸Խ [16]ʹ͍ͭͯઆ໌͢Δɽ

4.1.1 ූ߸Խ

SATූ߸Խ͍ͨ͠มΛ z ͱ͠ɼऔΓಘΔ

ͷू߹ (υϝΠϯ ͱݺΕΔ)Λ {l, l+1, . . . , u}
ͱ͢Δɽ͢ͳΘͪ z ∈ {l, l + 1, . . . , u} Ͱ͋Δɽ
ූ߸Խ (direct encoding)Ͱɼ֤ ม z ͱɼ

ͦͷυϝΠϯͷ֤ a ʹର͠ɼz = a Λҙຯ͢Δ

ϒʔϧม P (z = a) Λಋೖ͢Δ [4]ɽ

P (z = a) ∈ {0, 1} (l ≤ a ≤ u)

͜ͷ࣌ɼม z ҎԼͷઅʹූ߸ԽͰ͖Δɽ
u∨

a=l

P (z = a)

¬P (z = a) ∨ ¬P (z = b) (l ≤ a < b ≤ u)
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ද 1 มͷͱॱংූ߸Խޙͷϒʔϧมͷͷ

ରԠ

z P (z ≥ 1) P (z ≥ 2) P (z ≥ 3)

0 0 0 0

1 1 0 0

2 1 1 0

3 1 1 1

ॳͷઅɼม࠷ z ͕ l ͔Β u ͷΛগͳ͘

ͱ 1ͭऔΔ͜ͱΛද͠ɼ࣍ͷઅɼ2ͭҎ্ͷ

ΛऔΒͳ͍͜ͱΛද͍ͯ͠Δɽ

ͨͱ͑ z ∈ {0, 1, 2, 3} ͷ߹ͷઅҎԼͷ 7

ͭͰ͋Δɽ

P (z = 0) ∨ P (z = 1) ∨ P (z = 2) ∨ P (z = 3)

¬P (z = 0) ∨ ¬P (z = 1)

¬P (z = 0) ∨ ¬P (z = 2)

¬P (z = 0) ∨ ¬P (z = 3)

¬P (z = 1) ∨ ¬P (z = 2)

¬P (z = 1) ∨ ¬P (z = 3)

¬P (z = 2) ∨ ¬P (z = 3)

੍ z = a ͓Αͼ z ̸= a ɼͦΕͧΕ୯ʹ

P (z = a) ͱ ¬P (z = a) ͰදͤΔɽ

4.1.2 ॱংූ߸Խ

ॱংූ߸Խ (order encoding)Ͱɼ֤ ม z ͱɼ

খҎ֎ͷυϝΠϯͷ֤࠷ a ʹର͠ɼz ≥ a Λ

ҙຯ͢Δϒʔϧม P (z ≥ a) Λಋೖ͢Δ [16]ɽ

P (z ≥ a) ∈ {0, 1} (l < a ≤ u)

z ͷ SATූ߸Խͱͯ͠ z ≥ a ⇒ z ≥ a− 1 Λҙ

ຯ͢ΔઅΛՃ͑Δɽ

P (z ≥ a− 1) ∨ ¬P (z ≥ a) (l < a ≤ u)

ྫ͑ z ∈ {0, 1, 2, 3} ͷ߹ɼҎԼͷ 2 અʹ

ͳΔɽ

P (z ≥ 1) ∨ ¬P (z ≥ 2)

P (z ≥ 2) ∨ ¬P (z ≥ 3)

ද 1ʹ z ∈ {0, 1, 2, 3} ͷ߹ʹ͍ͭͯɼz ͷ

ͱɼॱংූ߸Խͨ͠અΛॆ͢Δ P (z ≥ a) ͷ

ͷରԠΛࣔ͢ɽ

੍ z = a ͓Αͼ z ̸= a ɼͦΕͧΕ P (z ≥
a) ∧ ¬P (z ≥ a+ 1) ͱ ¬P (z ≥ a) ∨ P (z ≥ a+ 1)

ͰදͤΔɽ

4.2 alldifferent੍ͷ SATූ߸Խ

nมͷ alldifferent੍ alldiff {z1, . . . , zn}ɼ
ҎԼͷΑ͏ʹ 1

2n(n− 1) ͷݸ ̸= ੍ͰදͤΔɽ

alldiff {z1, . . . , zn} ⇐⇒
∧

1≤i<j≤n

zi ̸= zj

͞Βʹɼ੍ z ̸= z′ ҎԼͷΑ͏ʹදͤΔɽ

z ̸= z′ ⇐⇒
∧

a∈Dom(z)∩Dom(z′)

(z ̸= a ∨ z′ ̸= a)

͜͜Ͱ Dom(z) ͱ Dom(z′) ม z ͱ z′ ͷ

υϝΠϯΛද͢ɽ

ม z ͱఆ a ͕͘͠ͳ͍͜ͱΛද

੍͢ z ̸= a ɼූ߸Խͷ߹ɼҎԼͷઅʹ

ූ߸ԽͰ͖Δɽ

z ̸= a ⇐⇒ ¬P (z = a)

ॱংූ߸Խͷ߹ɼҎԼͷΑ͏ʹ͑ߟΕ

ྑ͍ɽ

z ̸= a ⇐⇒ ¬P (z ≥ a) ∨ P (z ≥ a+ 1)

4.3 alldifferent੍ʹର͢Δώϯτ 1

ॱংූ߸Խ͞ΕΔ alldifferent੍ʹɼോͷݪ

ཧ Λ༻͍ͨώϯτΛՃ͑Δͱٻղ্͕͢Δ

͜ͱ͕ΒΕ͍ͯΔ [14]ɽ

alldiff{z1, . . . , zn} ʹ͍ͭͯ zi ∈ {l, l+1, . . . , u}
ͷ࣌ɼҎԼͷ 2અΛώϯτͱͯ͠Ճ͢Δɽ

n∨

i=1

P (zi ≥ l + n− 1)

n∨

i=1

¬P (zi ≥ u− n+ 1)

ॳͷઅɼͯ͢ͷ࠷ zi ͕ l + n− 2 ҎԼʹͳ

Δ͜ͱΛ͍ͯ͡ېΔɽl + n− 2 ҎԼͷ n− 1

௨Γ͔͠ͳ͍͔Β n ҟͳΔΛׂΓʹ͍ޓͷݸ

ͯΔ͜ͱͰ͖ͳ͍ɽಉ༷ʹɼ2൪ͷઅɼ͢

ͯͷ zi ͕ u−n+1 Ҏ্ʹͳΔ͜ͱΛ͍ͯ͡ېΔɽ
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4.4 alldifferent੍ʹର͢Δώϯτ 2

alldiff{z1, . . . , zn} ʹ͍ͭͯ zi ∈ {l, l+1, . . . , u}
͔ͭ u− l = n− 1 ͷ࣌ (͢ͳΘͪ |Dom(zi)| = n

ͷ࣌)ɼΑΓ༗ޮͳώϯτΛՃ͢Δ͜ͱ͕Ͱ͖Δɽ

͜ͷΑ͏ͳ߹ɼ֤ a ∈ {l, l+ 1, . . . , u} ʹର
͠ɼͦͷΛऔΔ zi ͕ଘ͢ࡏΔ͔ΒɼҎԼ͕Γ

ཱͭɽ

n∨

i=1

zi = a (a ∈ {l, l + 1, . . . , u})

ූ߸Խͷ߹ɼͦͷ··અʹมͰ͖Δɽ

n∨

i=1

P (zi = a) (a ∈ {l, l + 1, . . . , u})

ॱংූ߸Խͷ߹ Tseitinม ͱݺΕΔख

๏Λ༻͍Δɽ͢ͳΘͪ zi = a Λද͢৽͍͠ϒʔϧ

ม pia Λಋೖ͠ɼpia Λ༻͍ͯ݅Λද͢ɽ

n∨

i=1

pia (a ∈ {l, l + 1, . . . , u})

͞Βʹ pia ⇒ zi = a Λҙຯ͢ΔઅΛ֤ i ͱ֤ a

ʹର͠ಋೖ͢Δɽ

¬pia ∨ P (zi ≥ a)

¬pia ∨ ¬P (zi ≥ a+ 1)

5. ੑൺֱ

͜͜·ͰͰઆ໌੍ͨ͠Ϟσϧ͓Αͼ SATූ߸

ԽΛൺֱ͢ΔɽൺֱରҎԼͷ 12छྨͰ͋Δɽ

( 1 ) COL+D: ৭มϞσϧ+ූ߸Խ

( 2 ) COL+D+H2: ৭มϞσϧ+ූ߸Խ+ώ

ϯτ 2

( 3 ) COL+O: ৭มϞσϧ+ॱংූ߸Խ

( 4 ) COL+O+H1: ৭มϞσϧ+ॱংූ߸Խ+ώ

ϯτ 1

( 5 ) COL+O+H2: ৭มϞσϧ+ॱংූ߸Խ+ώ

ϯτ 2

( 6 ) COL+O+H3: ৭มϞσϧ+ॱংූ߸Խ+ώ

ϯτ 1ͱ 2

( 7 ) POS+D: ҐஔมϞσϧ+ූ߸Խ

( 8 ) POS+D+H2: ҐஔมϞσϧ+ූ߸Խ+

ώϯτ 2

( 9 ) POS+O: ҐஔมϞσϧ+ॱংූ߸Խ

( 10 )POS+O+H1: ҐஔมϞσϧ+ॱংූ߸Խ+

ώϯτ 1

( 11 )POS+O+H2: ҐஔมϞσϧ+ॱংූ߸Խ+

ώϯτ 2

( 12 )POS+O+H3: ҐஔมϞσϧ+ॱংූ߸Խ+

ώϯτ 1ͱ 2

͜ΕΒ 12 छྨͷํ๏Λ༻͍ɼ7 ͔Β 13 ͷ֤

N ʹର͠ SATූ߸Խͯ͠ಘΒΕ໋ͨཧࣜΛ

SATιϧόʔͰٻղͨ࣌͠ͷ CPUؒ࣌Λܭଌ͢

ΔɽλΠϜΞτ 60ͱ͠ɼSATιϧόʔʹ

 GlueMiniSat version 2.2.8 [9]Λ༻͍ͨɽ

ද 2ʹɼܭଌͨ͠ CPUؒ࣌Λࣔ͢ɽTOɼλ

ΠϜΞτͷ 60 (3600ඵ)ҎʹऴΘΒͳ͔ͬ

ͨ͜ͱΛද͢ɽ೦ͳ͕Β N = 12, 13 ʹ͍ͭͯ

ɼ͍ͣΕͷํ๏Ͱ 60ҎͰղΛٻΊΔ͜ͱ

Ͱ͖ͳ͔ͬͨɽ

alldifferent੍ʹର͢Δώϯτ͕ͳ੍͍Ϟσ

ϧ (COL+D, COL+O, POS+D, POS+O)Λൺֱ

͢ΔͱɼҐஔมϞσϧ (POS)ͷ΄͏͕༏Ε͍ͯ

Δɽ·ͨɼ৭มϞσϧ (COL)ʹ͍ͭͯॱংූ

߸Խͷ΄͏͕ྑ͍ɽ

alldifferent੍ʹର͢Δώϯτͷ༗ແͰൺֱ͢

Δͱɼώϯτ༗ޮʹಇ͍͍ͯΔ͜ͱ͕Θ͔Δɽ

ώϯτ͕ՃΘͬͨঢ়ଶͰݟΔͱɼҐஔมϞσϧ

(POS)ΑΓ৭มϞσϧ (COL)ͷ΄͏͕ྑ͍Α

͏ͩɽ

ॱংූ߸Խʹର͢Δ 3 छྨͷώϯτͷ͏ͪɼ

Ͳͷώϯτ͕࠷༗ޮ͔ͷஅ͍͠ɽ৭ม

ϞσϧͰώϯτ 1 ͱ 2 ͷ྆ํΛՃ͑ͨ߹

(COL+O+H3)ɼҐஔมϞσϧͰώϯτ 2 Λ

Ճ͑ͨ߹ (POS+O+H2)͕࠷ྑ͍͕ɼܾఆత

Ͱͳ͍ɽ

ΫΠʔϯάϥϑ࠼৭Λগ͠มͨ͠ܗ൚ର

֯ϥςϯํਞ (pandiagonal Latin square)ʹ͍ͭ

࣮ͯݧΛͨͬߦɽ൚ର֯ϥςϯํਞͰɼର

֯ઢͷ͕݅൚ର֯ઢʹม͞ߋΕΔɽ͢ͳΘͪ

(i + j) mod N (͋Δ͍ (i − j) mod N) ͕͠

͍ΫΠʔϯಉ࢜ͷ৭ҟͳΔɽ͕ͨͬͯ͠৭ม

ϞσϧΛ༻͍ͨ߹ɼͯ͢ͷ alldifferent੍ʹ

第58回プログラミング・シンポジウム 2017.1.6-8

169



ද 2 ΫΠʔϯάϥϑ࠼৭ʹର͢Δ CPU ؒ࣌ (ඵ)

(COL: ৭มϞσϧɼPOS: ҐஔมϞσϧɼD: ූ߸ԽɼO: ॱংූ

߸ԽɼH1: ώϯτ 1ɼH2: ώϯτ 2ɼH3: ώϯτ 1 ͱ 2 )

N = 7 N = 8 N = 9 N = 10 N = 11 N = 12 N = 13

SAT UNSAT UNSAT UNSAT SAT SAT SAT

COL+D 0.0 14.4 TO TO TO TO TO

COL+D+H2 0.0 0.0 0.8 15.4 193.9 TO TO

COL+O 0.0 11.0 240.6 1466.2 TO TO TO

COL+O+H1 0.0 0.0 620.4 TO TO TO TO

COL+O+H2 0.0 0.0 2.4 113.2 3336.3 TO TO

COL+O+H3 0.0 0.0 1.7 104.0 392.8 TO TO

POS+D 0.0 0.0 2.0 37.3 3114.2 TO TO

POS+D+H2 0.0 0.0 1.4 27.0 2893.5 TO TO

POS+O 0.0 0.0 2.3 138.8 TO TO TO

POS+O+H1 0.0 0.0 2.3 114.4 969.7 TO TO

POS+O+H2 0.0 0.0 2.7 89.2 783.9 TO TO

POS+O+H3 0.0 0.0 2.4 100.4 TO TO TO

ද 3 ൚ର֯ϥςϯํਞʹର͢Δ CPU ؒ࣌ (ඵ)

(COL: ৭มϞσϧɼD: ූ߸ԽɼO: ॱংූ߸ԽɼH1: ώϯτ 1ɼH2:

ώϯτ 2ɼH3: ώϯτ 1 ͱ 2 )

N = 7 N = 8 N = 9 N = 10 N = 11 N = 12 N = 13

SAT UNSAT UNSAT UNSAT SAT UNSAT SAT

COL+D 0.0 0.1 234.3 TO TO TO TO

COL+D+H2 0.0 0.0 0.0 0.0 0.0 0.0 550.8

COL+O 0.0 0.1 24.4 TO TO TO TO

COL+O+H1 0.0 0.0 0.0 0.0 620.3 0.1 TO

COL+O+H2 0.0 0.0 0.0 0.1 0.1 0.1 138.2

COL+O+H3 0.0 0.0 0.0 0.0 0.1 0.1 500.3

ରͯ͠ώϯτ 1͚ͩͰͳ͘ώϯτ 2ద༻Մʹ

ͳΔɽ

৭มϞσϧΛ༻͍ͨ݁ՌΛද 3ʹࣔ͢ɽΫΠʔ

ϯάϥϑ࠼৭ͱҟͳΓ N = 12 ͷ࣌ͷղ

ଘ͠ࡏͳ͍ɽ͜ͷʹରͯ͠ɼalldifferent੍

ͷώϯτ͕ඇৗʹ༗ޮʹಇ͍͍ͯΔ͜ͱ͕Θ

͔Δɽ

6. SAT੍ܕιϧόʔ

͜͜·ͰͰɼͷ੍ϞσϧΛ͑ߟɼͦΕΛ

SATූ߸Խ͢Δํ๏ʹ͍ͭͯड़ͨɽ͔͠͠ɼSAT

ූ߸ԽΛ࣮͏ߦʹࡍͷ໘ͳۀ࡞Ͱ͋Δɽ

ͦͷΑ͏ͳۀ࡞Λࢧԉ͢ΔγεςϜͱͯ͠ɼSAT

ιϧόʔ੍ܕ (SAT-based constraint solver)͕

͋ΓɼҎԼͷΑ͏ͳͷ͕ఏҊ͞Ε͍ͯΔɽ

• Sugar *3 [17], Diet-Sugar *4 [11], Copris *5 [19],

Scarab *6 [12], BEE [8], meSAT [13]

ಛʹஶऀΒ͕։ൃ͍ͯ͠Δ Sugarɼ2008ͱ

2009 ͷ੍ιϧόʔٕڝձ [7] ͷෳ෦Ͱ

༏উ͠ɼଞͷ੍ιϧόʔʹඖఢ͢ΔੑΛࣔ͠

ͨɽSATූ߸Խʹॱংූ߸ԽΛར༻͍ͯ͠Δɽ

Diet-Sugar Ͱɼॱংූ߸Խͱରූ߸ԽΛϋΠ

ϒϦουͤ͞ɼ͞ΒͳΔੑ্Λ࣮͍ͯ͠ݱΔɽ

ҎԼ ৭Λ࠼ΫΠʔϯάϥϑ࣍5 Sugar͓

ΑͼDiet-Sugarͷೖྗͱͯ͠هड़ͨ͠ྫͰ͋Δɽ

*3 http://bach.istc.kobe-u.ac.jp/sugar/
*4 http://kix.istc.kobe-u.ac.jp/~soh/dsugar/
*5 http://bach.istc.kobe-u.ac.jp/copris/
*6 http://kix.istc.kobe-u.ac.jp/~soh/scarab/
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import jp.kobe_u.copris._; import dsl._

object QG {

def qg(n: Int) {

val N = 0 until n

for (i <- N; j <- N)

int(’c(i,j), 0, n-1)

for (i <- N)

add(Alldifferent(for (j <- N) yield ’c(i,j)))

for (j <- N)

add(Alldifferent(for (i <- N) yield ’c(i,j)))

for (u <- 0 to 2*n-2)

add(Alldifferent(for (i <- N; j <- N; if i+j==u) yield ’c(i,j)))

for (d <- 1-n to n-1)

add(Alldifferent(for (i <- N; j <- N; if i-j==d) yield ’c(i,j)))

for (j <- N)

add(’c(0,j) === j)

if (find) {

for (i <- N) {

val s = N.map(j => solution(’c(i,j)))

println(s.map("%2d".format(_)).mkString(" "))

}

}

}

def main(args: Array[String]) {

qg(args(0).toInt)

}

}

ਤ 3 n ৭ͷ࠼ΫΠʔϯάϥϑ࣍ Copris ͰͷϓϩάϥϜྫ

(int c00 0 4)

(int c01 0 4)

..్தུ..

(alldifferent c00 c01 c02 c03 c04)

(alldifferent c10 c11 c12 c13 c14)

..ҎԼུ..

(int c00 0 4) ɼ৭ม c00 ∈ {0, 1, 2, 3, 4}
ͷఆٛΛද͠ɼ(alldifferent ...)  alldiffer-

ent੍Λද͢ɽ

ೖྗΛه্ Sugar͋Δ͍ Diet-Sugar༩͑Δ

ͱɼղͱͯ͠ҎԼͷΑ͏ͳग़ྗ͕ಘΒΕΔɽ

s SATISFIABLE

a c00 0

a c01 1

..ҎԼུ..

Copris ͓Αͼ Scarab ɼϓϩάϥϛϯάޠݴ

Scala Ε੍ͨϓϩάϥϛϯά༻ͷυ͞ݱ࣮ʹ্

ϝΠϯಛԽޠݴͰ͋ΔɽScala ͕ఏ͢ڙΔߴͳ

ड़ྗʹΑΓɼΘ͔Γ͘͢؆ܿʹ੍ϞσϧΛه

ड़Ͱ͖Δɽਤه 3ʹɼΫΠʔϯάϥϑ࠼৭ͷ

CoprisͰͷϓϩάϥϜྫΛࣔ͢ɽCoprisɼόο

ΫΤϯυͷ੍ιϧόʔͱͯ͠ SugarΛ༻͍͓ͯ

ΓɼSugarͱಉͷੑΛͭ࣋ɽ

7. ͓ΘΓʹ

ຊߘͰΫΠʔϯάϥϑ࠼৭Λࡐͱ͠ɼ

੍ϞσϧɾSATූ߸Խͷબࢶʹ͍ͭͯઆ໌ɾ

ൺֱΛͨͬߦɽ

Ұൠతͳάϥϑ࠼৭ʹରͯ͠ɼຊߘͰड़

ͨ৭มϞσϧͱූ߸Խͷ߹͕ͤ༻͍Β

ΕΔ͜ͱ͕ଟ͍ͱࢥΘΕΔɽ͔͠͠ɼͦͷੑ

ඞͣ͠ྑ͘ͳ͘ɼॱংූ߸Խͷ΄͏͕ྑ͍͜ͱ

͕ଟ͍ [15][18]ɽKnuthͷڭՊॻ [6]ͷதͰɼ

ූ߸ԽΑΓॱংූ߸Խͷ΄͏͕άϥϑ࠼৭
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ʹରͯ͠ྑ͍͕ࣄड़ΒΕ͍ͯΔɽ

దͳώϯτΛՃ͑ΕɼͲͪΒͷූ߸ԽͰ

ੑ্͕͢Δɽ͔͠͠ɼຊߘͷํ๏Ͱ N ͕ 12

Ҏ্ͷ߹ͷղΛٻΊΔ͜ͱʹޭ͠ͳ͔ͬͨɽ
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