
จղੳߏΛར༻ͨ͠ਐతثจղੳߏଘͷط

ରഅ͔ͳ͑1,a)

֓ཁɿຊߘͰɺਐతߏจղੳ (incremental parsing) ͷΑ͏ʹɺҰ෦͚ͩม͞ߋΕͨϓ

ϩάϥϜʹରͯ͠ߏจղੳΛ͏ߦख๏ΛఏҊ͢Δɻincremental parsing ͱͷҧ͍ͱͯ͠ɺ

࡞ΛثจղੳߏͰ͋ΔɻͦͷͨΊɺಛघͳ͏ߦͯ͠༺ΛثจղੳߏଘͷίϯύΠϥͷط

͢Δඞཁ͕ͳ͘ɺطଘͷޠݴΛରʹҰ෦͚ͩม͞ߋΕͨϓϩάϥϜʹର͢Δߏจղੳͷ

࣮༰қʹͳΔɻ۩ମతʹɺίϯύΠϥͷߏจղੳثΛ༻ͯ͠ɺߏจಉ࢜ͷ݁߹ʹ

ΑΔΈସ͑ɾଞͷߏจͷུୣͷنଇΛಋग़͠ɺͦΕΒ͕ߦΘΕΔϓϩάϥϜΛࣗಈతʹੜ

͢Δɻׅހͷநߏจͷ࣌ͰࣦΘΕΔใਓ͕ิ͏ඞཁ͕͋Δ͕ɺͦΕҎ֎ͷϓ

ϩάϥϜѻ͏͜ͱ͕Ͱ͖Δɻ

ΩʔϫʔυɿߏจղੳɺਐతߏจղੳɺOCaml

1. ͡Ίʹ

ϓϩάϥϛϯάʹ͓͍ͯ੩తΤϥʔ͕Ռͨͯ͠

͍Δׂେ͖͘ɺͦΕΒͷݕग़ʹΑΓଟ͘ͷ࣮

ؔʹΤϥʔ͕औΓআ͔Ε͍ͯΔɻ੩తΤϥʔ࣌ߦ

͢ΔσόοάίϯύΠϧߦʹ࣌ΘΕΔ͜ͱ͕ଟ

͍ɻ͔͠͠ɺϓϩάϥϚ͕ϓϩάϥϛϯάதʹ͜

Ε·ͰͷϓϩάϥϜΛࢀর͢Δ͜ͱଟ͘ɺσόο

άͷԆΤϥʔͷෳͳͲΛͨΒͨ͢Ίɺ

ѱͰ͋ΔɻϓϩάϥϚͷෛ୲ݮͷͨΊʹɺͦ

ΕΑΓલͷஈ֊ͷϓϩάϥϛϯάதʹΤϥʔͷ

ඞཁ͕͋Δɻ͏ߦग़ͱσόοάΛݕ

ɺEclipseࡍ࣮ ͷ IDE Ͱϓϩάϥϛϯά࣌

ͷΤϥʔݕग़͕ߦΘΕ͍ͯΔɻ͔ͯ͢͠͠ͷݴ

ग़ɾσόοά͕ݕͰϓϩάϥϛϯάதͷΤϥʔޠ

ՄͰ͋ΔͱݶΒͳ͍ɻͦΕΒΛ࣮͢ݱΔʹɺ

ίϯύΠϥͷશͳϓϩάϥϜʹର͢Δߏจղੳ

ͱҟͳΔɺෆશͳϓϩάϥϜʹର͢Δߏจղ

1 ॴڀݚใֶཱࠃ
a) k tsushima@nii.ac.jp

ੳ͕ඞཁͱͳΔɻ

Eclipse Ͱαϙʔτ͞Ε͍ͯΔػͱͯ͠ɺ

Syntax Error Recovery [3] ΒΕΔɻ͜Ε͛ڍ͕

จղੳෆՄʹͳͬͨͳΒɺͦͷઌΛ͍͘Βߏ

͔ແ͠ࢹɺͦͷઌ͔Β࠶ͼߏจղੳΛ։࢝͢Δख

๏Ͱ͋Δɻ͜Ε͜Ε·ͰͷߏจղੳثΛར༻Ͱ

͖ΔͨΊɺܰྔͳख๏Ͱ͋Δɻ໋͔͠͠ྩޠݴܕ

ͷΑ͏ʹɺߏจʹରͯ۠͠Γ͕ଟ͍ޠݴʹର͠

ͯ༗༻Ͱ͋Δ͕ɺ ؔޠݴܕͷΑ͏ʹߏจͷ۠

Γ͕গͳ͘ɺೖΕߏࢠ͕ଟ͍ޠݴʹରͯ͠

ແ͞ࢹΕΔ෦͕ଟ͘ͳΔͨΊ༗༻ͱ͍͑ͳ͍ɻ

ؔޠݴܕͰͷϓϩάϥϛϯάதͷݕग़ͱσ

όοάͰɺMerlin [1], [4] ΒΕΔɻ͜Ε͛ڍ͕

ෆશͳߏจʹରͯ͠Γͳ͍จྻࣈΛద࣌

෦తʹิ͏͜ͱͰɺෆશͳϓϩάϥϜʹରͯ͠

ʹจղੳߏจߏΔɻ͜Ε͍ͯͬߦจղੳΛߏ

ؔͯ͠ਂ͍͕ࣝඞཁͱͳΔͨΊɺͦΕͧΕͷݴ

ಛԽ࣮ͨ͠ͱͳΓ࣮ͷίετ͕େ͖͍ͱʹޠ

͍͏͕ଘ͢ࡏΔɻ

ຊߘͰɺޠݴʹಛԽͤͣɺϓϩάϥϛϯά్
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தͷߏจղੳΛ͏ߦख๏ΛఏҊ͢Δɻ۩ମతʹɺ

ίϯύΠϥͷߏจղੳثΛ༻͠ɺϓϩάϥϜͷ

มߋ෦ͷΈߏ࠶จղੳΛ͏ߦɻͦͷ݁ՌΛͦΕ

·ͰͷߏจʹΈࠐΈɺ݅ΛอͭΑ͏ʹߋ৽

͢ΔɻͦΕʹΑͬͯɺෆશͳϓϩάϥϜͰ͋ͬ

ͯɺͦΕ·ͰʹߏԽ͍ͯͨ͠෦Λ͜͢ͱ

͕ՄͱͳΔɻ

͜ͷͦΕ·ͰͷநߏจΛ༻͍Δͱ͍͏ख๏

ਐతߏจղੳ [2] ͱྨ͍ͯ͠ࣅΔɻҧ͍ͱ͠

ͯਐతߏจղੳͰಛघͳߏจղੳثΛඞཁ

ͱ͢Δ͕ɺຊఏҊख๏ͰίϯύΠϥͷߏจղੳ

Λ࣮ثจղੳߏΛ༻͍ΔɻͦΕʹΑΓɺಛघͳث

͢Δඞཁ͕ͳ͘ɺܰྔͰ͋Δͱ͍͑Δɻ

1.1 ఏҊख๏ͷ֓ཁ

ຊઅͰɺఏҊख๏ͷ֓ཁʹ͍ͭͯड़Δɻ·

ͣɺ1 + 3 ͱ͍͏ϓϩάϥϜΛ͑ߟΔɻ͜ͷϓϩ

άϥϜͷநߏจҎԼͷΑ͏ʹطʹಘ͍ͯΔ

ͷͱ͢Δɻ

@

1 + 3

͜͜Ͱɺ͜ͷࣜͷҰ൪ॳΊͷ 1 Λ 1 + 2 ʹมߋ

͢Δ߹Λ͑ߟΔ (ͦͷͱ͖ɺϓϩάϥϜͷςΩ

ετ 1 + 2 + 3 ͱͳΔ)ɻ͜ͷͱ͖ɺ(1) มߋՕ

ॴͰ͋Δ 1 + 2 ͷΈ࠶ͼߏจղੳ͠ɺ(2) ಘΒΕ

ͨநߏจΛݩϓϩάϥϜͷநߏจͷҰ෦

Λஔ͖͑Δɻ͜ΕʹΑΓɺҎԼͷߏจ͕ಘΒ

ΕΔɻ

@

@

1 + 2

+ 3

͜ͷΑ͏ʹɺมͨͬ͜ى͕ߋ෦ͷΈ࠶ͼߏจ

ղੳ͠ɺݩͷநߏจʹࠩ͠ࠐΉ͜ͱͰɺ৽ͨ

ͳߏจ͕ಘΒΕΔɻ͜ͷํ๏Ͱɺ͠มߋ෦

͕ߏจղੳෆՄͰ͋Εɺͦͷ෦Λϗʔϧ

(੍Λͨͳ͍ϓϩάϥϜ) Ͱஔ͖͑Δ͜ͱͰɺ

ͦΕҎ֎ͷ෦Λอͭ͜ͱ͕Ͱ͖Δɻͨͱ͑ɺ1

+ 2 Λফͨ͠߹ʹҎԼͷΑ͏ʹͳΔɻ

@

! + 3

Ұ෦ͷม͕ͦߋͷ෦ͷΈʹཹ·Βͣɺมߋ

ΒΕ͑ߟΔՄੑ͢ڹ෦Ҏ֎Өͨͬ͜ى͕

Δɻྫ͑ɺϓϩάϥϜ 1 + 3 ͷ 3 Λ 2 + 3 ʹ

ม͢ߋΔ͜ͱΛ͑ߟΔɻ͜ͷ߹ʹɺલड़ͷૉ

ͳํ๏ͰҎԼͷΑ͏ͳநߏจ͕ಘΒΕΔ

͕ɺ͜ΕϓϩάϥϜ 1 + 2 + 3 Λߏจղੳͨ͠

நߏจͱҰக͠ͳ͍ɻ

@

1 + @

2 + 3

্ͷநߏจͷɺ݁ ߹ͷ͞ڧʹؔ͢Δ

ଇ͕कΒΕ͍ͯͳ͍͜ͱͰ͋Δɻ۩ମతʹɺن

ଇ͕कΒΕ͍ͯͳ͍ɻنͰ͋Δͱ͍͏߹݁ࠨࢉ͠

͜ͷΑ͏ʹ෦తͳߏ࠶จղੳͱૠೖΛ͏ߦͱɺ

શମͱͯ͠نଇ͕कΒΕͳ͘ͳΔՄੑ͕͋Δɻ

ͦͷͨΊɺߏ࠶จղੳΛޙͨͬߦʹɺશମͱ

ɻ্ͷʹର͠͏ߦ৽ΛߋଇΛอͭΑ͏ͳنͯ͠

ͯͦͷΑ͏ͳߋ৽Λ͏ߦͱɺҎԼͷΑ͏ͳਖ਼͍͠

நߏจΛಘΒΕΔɻ

@

@

1 + 2

+ 3

3 અͰͦͷΑ͏ͳมنߋଇΛߏจղੳ͔ثΒ

ಘΔํ๏͓Αͼө͢Δํ๏ʹ͍ͭͯड़Δɻ

1.2 จͷྲྀΕ

·ͣ 2 અͰຊจͰ༻͍ΔߏจΛಋೖ͢Δɻ3

અͰɺ1ՕॴͷߏจղੳՄͳߋ৽ʹ͍ͭͯͷ

มߋΛө͢Δํ๏ʹ͍ͭͯड़Δɻ۩ମతʹɺ

จղੳ͞ΕͨҰ෦ͷϓϩάϥϜ͕ɺͲͷΑ͏ߏ

ʹͦΕҎ֎ͷ෦ʹӨڹΛ༩͑ɺશମͱͯ͠Ͳͷ

Α͏ͳϓϩάϥϜ͕ಘΒΕΔ͔ʹ͍ͭͯड़Δɻ4

અͰ·ͱΊͱޙࠓͷ՝ʹ͍ͭͯड़Δɻ
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(Op : operator) ::= {+,−, ∗, ...}
(M : term) ::= cs

| M1 Ops M2

| ifs M1 then M2

| ifs M1 then M2 else M3

(s : strengh) ::= {n, {n, ..., n}} (n > 0)

ਤ 1 จߏ

(M : term) ::= c

| if M1 then M2

| if M1 then M2 else M3

| (M)

ਤ 2 ۩ߏจ

2. จͷલఏߏ

ຊઅͰɺຊจͰ༻͍ΔߏจΛಋೖ͢Δɻߏ

จਤ 1 ʹࣔͨ͠ɻఆɺೋ߲ԋࢉɺelse ෦Λ

ͳ͍݅จɺelseͨ࣋ Λͭ࣋݅จͰ͋Δɻ+ 

∗ ͷΑ͏ͳԋࢠࢉ Op Ͱఆٛ͞Ε͍ͯΔͱ͢Δɻ

จਤߏ͢۩ʹثจղੳߏ 2 ʹࣔͨ͠ɻ͜

Εਤ 1 ͷߏจʹɺׅހΛՃͨ͠ͷͱͳͬͯ

͍Δɻߏจղੳث͜ͷ۩ߏจΛड͚औΓɺਤ

1 ͷߏจߏʹม͢Δͷͱ͢Δɻ

ຊจதͰѻ͏ߏจղੳثͷ݁߹ɺ∗ɺ+ɺ

if จͷॱͰ݁͘ڧ߹͢ΔͷͱԾఆ͢Δ͕ɺ͠

ҟͳΔॱͰ͋ͬͨͱͯ͠ɺͦΕͧΕͷΞϧΰϦ

ζϜਖ਼͘͠ಈ͘ɻ

3. ߋ৽ͱͦΕʹΑΔมߋ

ຊจͰɺ1ՕॴͷΈߋ৽ͨ͠߹ʹ͍ͭͯߟ

͑Δɻͦͷߋ৽͕ߏจղੳෆՄͰ͋ͬͨ߹ʹ

ɺϗʔϧ (੍Λͨͳ͍ϓϩάϥϜ) Ͱஔ͖

͑ΔɻΑͬͯʹͳΔͷͦͷ 1Օॴͷߋ৽͕

Ͱ͋ΔɻͦͷΑ͏࣌จղੳՄͳͷͰ͋ͬͨߏ

ͳ߹ɺมߋͷ͋ͬͨ෦ͷΈ࠶ͼߏจղੳΛߦ

͍ɺͦͷมߋΛݩͷநߏจʹΈࠐΊྑ͍ɻ

͔͠͠ɺ1.1 અͰͨݟʹطΑ͏ʹɺͦͷ··Έ

ΜͩͷͰਖ਼͍͠ͱͳΒͳ͍͜ͱଟ͍ɻຊࠐ

અͰͦͷΑ͏ͳ߹ʹͲͷΑ͏ʹΈସ͑Δ͔ɺ

͓ΑͼΈସ͑ʹඞཁͳใΛطଘͷߏจղੳث

Λ༻͍ͯͲͷΑ͏ʹٻΊΔ͔ड़Δɻ

3.1 Έସ͑

·ͣɺ1 * 3 ͱ͍͏ϓϩάϥϜͷ 3 Λม͠ߋɺ

1 * 2 + 3 ͱͨ͠߹ͷมߋΛ͑ߟΔɻҎԼʹࣔ

͢நߏจɺߏ࠶จղੳͱૠೖΛ݁ͨͬߦՌɺ

จղੳͰͷ݁߹ΛकΕ͍ͯͳ͍ྫͰ͋Δɻߏ

@

1 * @

2 + 3

͜ͷ߹ɺΑΓ݁߹ੑͷ͍ߴ * ͷํ͕ߏจͷ

্ͷํʹ͋Δͷ͕Ͱ͋Δɻ͜ΕΛਖ਼͍͠ʹ

͢Δʹɺ݁߹ੑΛकΔΑ͏ʹΈସ͑Λ͑ߦ

Α͍ɻ۩ମతʹɺ* ͱͦͷҾ 1, 2 + 3 ͱɺͦ

ͷ෦ࣜͰ͋Δ + ͱͦͷҾ 2, 3 ΛΈସ͑Δ

ඞཁ͕͋Δɻ͜ͷࡍɺ* ͷํ͕݁͘ڧ߹͢ΔͨΊɺ

2 + 3 ͷจྻࣈͱͯ͠͡Ίͷ෦ (͜͜Ͱ 2)

Λୣ͏֨ʹͳΔɻ2 ͕ * ͷೋ߲ԋࢉʹୣΘΕΔ

͜ͱʹΑͬͯɺ1 * 2 ͱ͍͏நߏจ͕ಘΒΕ

Δɻ+ 3 ͦͷ֎ଆʹग़͢ݱΔίϯςΩετͰ͋

ΔͨΊɺ(1 * 2) Λ 1 ͭͷҾͱͯͭ࣋͠Α͏

ͳҎԼͷநߏจ͕ಘΒΕΔɻ

@

@

1 * 2

+ 3

͜ͷΑ͏ͳΈସ͑ͷͨΊʹ݁߹ੑʹؔ͢Δ

ใΛಋೖ͢Δɻ݁߹ੑʹؔ͢Δใਤ 1 ʹࣔ͠

ͨ s Ͱ͋Δɻ͜ͷҰ൪͡Ίͷ෦͕ͦͷߏจࣗ

ମͷ݁߹ͷ͞ڧͰ͋Γɺೋ൪ͷ෦ͦͷҾ

ͦΕͧΕʹཁ͞ٻΕΔ݁߹ͷ͞ڧͰ͋Δɻ͕ࣈ

େ͖͍΄Ͳ݁͘ڧ߹͍ͯ͠Δ͜ͱΛ͍ࣔͯ͠Δɻ

ྫ͑ɺ(ଞʹߏจཁૉ͕ଘ͠ࡏͳ͍࣌ͷ) ͠ࢉ

ͷೋ߲ԋࢉͷ݁߹ੑ {1;{1;2}} ͱͳΔɻ͜Ε

Ͱ͋ΔͨΊɺҰͭͷҾʹ߹݁ࠨͰࢉ͠

Δ͜ͱ͕Ͱ͖Δ͕ɺೋͭͷ͕͘ࢉͷೋ߲ԋࢉ͠

Ҿ (ӈଆ) ʹ͘Δ͜ͱͰ͖ͳ͍͜ͱΛࣔͯ͠
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decompose fst : strength ∗ term → term ∗ context

decompose fsts[exp] = let (f, r, c, cont) = decomposel[exp] in

(match (f, c) with

| (Some(f), ) → (f, fun x → cont x l)

| ( , Some(c)) → (c, cont)

decompose last : strength → term → term ∗ context

decompose lasts[exp] = let (f, r, c, cont) = decomposel[exp] in

(match (r, c) with

| (Some(r), ) → (r, fun y → cont f y)

| ( , Some(c)) → (c, cont)

decompose : strength ∗ term →
term option ∗ term option ∗ term option ∗ context

decomposel[cs] = (None, None, Some(c), λx.x)

decomposel[M1 Op{s,ss}M2] = if l > s then let (f1, cont1) = decompose fstl[M1] in

if l > sthen let (r2, cont2) = decompose lastl[Mn] in

if l > sthen let cont3 = fun x y → x Op{s,ss} y in

if l > sthen (f, l, None, fun x y → cont3(cont1 x)(cont2 y))

else (None, None, Some(M1 Op{s,ss}M2), λx.x)

decomposel[if{s,ss} M1 then M2] = if l > s then let (r2, cont2) = decompose lastl[M2] in

if l > sthen let cont3 = fun x → if M1 then x in

if l > sthen (None, r2, fun x → cont3(cont2 x))

else (None, None, Some(if{s,ss} M1 then M2), λx.x)

decomposel[if{s,ss} M1 then M2 else M3] = if l > s then let (r2, cont2) = decompose lastl[M3] in

if l > sthen let cont3 = fun x → if{s,ss} M1 then M2 else x in

if l > sthen (None, r2, fun x → cont3(cont2 x))

else (None, None, Some(if{s,ss} M1 then M2 else M3), λx.x)

ਤ 3 Έସ͑ͷͨΊʹϓϩάϥϜΛղ͢Δؔ decompose

͍Δɻ

Έସ͑ਤ 3 ͓Αͼਤ 4 ͷϓϩάϥϜΛ༻

ͱ͕Ͱ͖Δɻcheck͜͏ߦ͍ͯ swap ͦΕͧΕ

ͷϊʔυʹ͓͍ͯ݁߹ੑ͕దʹकΒΕ͍ͯΔ

͔ΛνΣοΫ͠ɺదͰͳ͚ΕదʹͳΔΑ

͏ʹೖΕସ͑ΔؔͰ͋Δɻdecompose ͓Αͼ

decompose fst/last  check swap ͷͨΊͷิॿ

ؔͰ͋Δɻdecompose  l ΑΓେ͖͍݁߹ੑ

Λͭ࣋Ұ൪લͷ෦ࣜɺҰ൪ޙΖͷ෦ࣜɺ(ͦͷ

ͲͪΒʹ֘͢Δ߹ʹ) ෦ࣜຊମɺ͓Α

ͼͦΕΒΛऔΓ͘רίϯςΩετղ͢Δؔ

Ͱ͋Δɻdecompose fst/last  l ΑΓେ͖͍݁

߹ੑΛͭ࣋Ұ൪લͷ෦ࣜ͘͠Ұ൪ޙΖͷ෦

ࣜͱͦΕΒΛऔΓ͘רίϯςΩετΛฦؔ͢

Ͱ͋Δɻ

ྫ͑ɺҎԼͷͰ࣮͢ߦΔ߹Λ͑ߟΔɻ

@{2;{2;3}}

@{1;{1;2}}

@{1;{1;2}}

1{3} + 2{3}

+ 3{3}

* 4{3}

͜ͷͰɺҰ൪্ͷϊʔυͷֻ͚ࢉͱͦͷԼͷ

ϊʔυͷ͠ࢉͷ෦Ͱ݁߹ੑ͕దͰͳ͍ɻ

ͷ݁߹ੑใࢉֻ͚ {2;{2;3}} Ͱ͋ΓɺҰͭͷ
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check swap[c] = c

check swap[Ms1
1 Op{l,{l1,l2}} Ms2

2 ] = if s1 >= l1&s2 >= l2

then (check swap[Ms1
1 ]) Op{l,{l1,l2}} (check swap[Ms2

2 ])

else if s1 < l1 then let (f, cont) = decompose fstl[M1] in

else if s1 < l1let cont2 = fun x → x Op{l,{l1,l2}} M2 in

else if s1 < l1cont (cont2 f)

else let (r, cont) = decompose lastl[M2] in

else let cont2 = fun y → M1 Op{l,{l1,l2}} y in

else cont (cont2 r)

check swap[if{l,{l1,l2}} Ms1
1 then Ms2

2 ] = if s2 >= l2 then if l Ms1
1 then check swap[Ms2

2 ]

else let (r, cont) = decompose lastl[M2] in

else let cont2 = fun x → if{l,{l1,l2}} M1 then x in

else cont (cont2 r)

check swap[if{l,{l1,l2,l3}} Ms1
1 then Ms2

2 else Ms3
3 ] = if s3 >= l3

then if{l,{l1,l2,l3}} Ms1
1 then M2 else check swap[Ms3

3 ]

else let (r, cont) = decompose lastl[M3] in

else let cont2 = fun x → if l Ms1
1 then Ms2

2 else x in

else cont (cont2 r)

ਤ 4 ඞཁʹԠͯ͡Έସ͑Λؔ͏ߦ check swap

Ҿʹ 2 Ҏ্͕ཁ͞ٻΕ͍ͯΔ͕ɺ࣮ࡍʹ 1

ͷ͠ࢉͷೋ߲ԋ͍͖͕ͯࢉΔɻͦͷͨΊɺΈ

ସ͕͑ඞཁʹͳΔɻ

͜ͷࡍɺؔ decompose ͷରͱͳΔͷɺ

݅Λຬ͍ͨͯ͠ͳ͍Ҿ෦ɺ1 + 2 + 3 Ͱ͋Δɻ

͜ΕΛ decompose Λ༻ͯ͠ 2 Ҏ্ͷ݁߹ͷڧ

͞ΛͭࣜͱͦΕҎ֎ͷίϯςΩετͱղ͢

Δɻղ͢Δͱɺ͡Ίͷ෦ͱͯ͠ 1 ͕ɺޙ࠷

ͷ෦ͱͯ͠ 3 ͕ಘΒΕɺ(fun x y → (x + 2)

+ y) ͕ίϯςΩετͱͯ͠ಘΒΕΔɻ͜ͷ͏ͪ 3

͕֎ଆͷίϯςΩετ (fun z → z * 4) ʹ͞

Εɺ3 * 4 ͕ಘΒΕΔɻ͜ͷΈସ͑ͷ࠷ऴ݁Ռ

ίϯςΩετ (fun x y → (x + 2) + y)ʹ 1

ͱ 3 * 4 Λͯ͠ಘΒΕΔͷɺ(1 + 2) + (3

* 4) ͱͳΔɻ

3.2 Έସ͑ͷنଇநग़

ຊઅͰߏจղੳثΛ༻ͯ͠ɺΈସ͑ͷن

ଇΛࣗಈతʹநग़͢Δํ๏ʹ͍ͭͯड़Δɻ

·ͣɺߏจͷߏΛ;ͨͭΈ߹Θͤͨͯ͢

ͷύλʔϯΛ࡞͢Δɻྫ͑ɺߏจֻ͕͚ࢉͱ

͠ࢉͷ;ͨͭͷέʔεΛ͑ߟΔͱɺҎԼͷ 8 ௨

Γͷߏจ͕࡞Ͱ͖Δɻ͜͜Ͱ ఆɾม

ͷͦΕҎ্ղͰ͖ͳ͍ߏจͱ͢Δɻࢴ໘ͷলུ

ͷͨΊɺϓϩάϥϜߏׅހΛ༻͍ͯࣔ͢ɻ

ϓϩάϥϜߏ ϓϩάϥϜจྻࣈ

(1) ( + ) + + +

(2) ( * ) + * +

(3) + ( + ) + +

(4) + ( * ) + *

(5) ( + ) * + *

(6) ( * ) * * *

(7) * ( + ) * +

(8) * ( * ) * *

·ͣॳظͷ݁߹ + ͕ {1, {1; 1}}ɺ* ͕

{1, {1; 1}} Ͱ͋Δͱ͢Δɻ্ͷจྻࣈͱͯ͠ͷ
ϓϩάϥϜΛߏจղੳثʹ͔͚ΔͱɺͦΕͧΕߏ

จղੳ݁Ռ͕ಘΒΕΔɻ͜ͷ݁ՌΛ༏ઌॱҐΛ

༻ͯ͠Έସ͑Λͨͬߦͷͪɺͱͷߏͱൺֱ

͠ɺҧ͍ΛௐΔɻ

ॳظͷ݁߹શͯΛͨ͢ڐΊɺΈସ͑ߦ

ΘΕͳ͍ɻ࣍ʹΈସ͑ͰಘΒΕͨߏͱɺจࣈ

ྻΛߏจղੳثʹ͔͚ͯಘΒΕͨߏͷൺֱΛߦ

͏ɻ(1), (2), (4), (6) Ұக͢Δ͕ɺ(3), (5), (7),
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(8) Ұக͠ͳ͍ɻ͜ͷҧ͍Λ༻ͯ݁͠߹ʹؔ

͢ΔنଇΛٻΊ͍ͯ͘ɻ(3) ͷྫΛ͑ߟΔͱɺߏ

จղੳثʹΑΔਖ਼͍͠ߏ ( + ) + Ͱ͋Δ

͕ɺΈସ͑ޙͷߏ + ( + ) Ͱ͋Δɻ͜

ͷ͜ͱ͔Β + ͷೋͭͷҾʹ + Εͳݱ͕

͍͜ͱɺͭ·Γɺ+ ͷೋͭͷҾͷ݁߹ΑΓ

େ͖͍ඞཁ͕͋Δ͜ͱ͕Θ͔ΔɻͦͷͨΊɺ+ ͷ

݁߹Λ {1, {1; 2}} ͱߋ৽͢Δɻߋ৽͞ΕΔͨ
ͼʹɺ·ͨ͡Ίʹ࡞ͨͯ͢͠ͷߏͱ৽ͨ

ͳ݁߹Λ༻͍ͯΈସ͑Λ͏ߦɻҎԼͷϓϩά

ϥϜߏ͕Έସ͑ޙͷͷͰ͋Δɻ

Έସ͑લͷߏ Έସ͑ޙͷߏ

(1) ( + ) + ( + ) +

(2) ( * ) + ( * ) +

(3) + ( + ) ( + ) +

(4) + ( * ) ( + ) *

(5) ( + ) * ( + ) *

(6) ( * ) * ( * ) *

(7) * ( + ) * ( + )

(8) * ( * ) * ( * )

͜ΕΒΛ࣮ࡍͷߏͱൺֱ͢Δͱɺ(4), (5), (7),

(8) ͕Ұக͠ͳ͍ɻ(4) ͷྫΛ͑ߟΔͱɺߏจղੳ

ߏΑΔਖ਼͍͠ʹث + ( * ) Ͱ͋Δ͕ɺ

Έସ͑ޙͷߏ ( + ) * Ͱ͋Δɻ͜ͷ͜ͱ

͔Β * ͷҰͭͷҾΑΓ͍݁ڧ߹͕ٻΊΒ

ΕΔ͜ͱ͕Θ͔Γɺ* ͷ݁߹Λ {1, {2; 1}} ͱ
ɺͯ͠༺৽͞Εͨ݁߹Λߋ৽͢Δɻ͜ΕΒͷߋ

·ͨ͡Ί͔ΒΈସ͑Λ͏ߦͱҎԼͷϓϩάϥ

Ϝߏ͕ಘΒΕΔɻ

Έସ͑લͷߏ Έସ͑ޙͷߏ

(1) ( + ) + ( + ) +

(2) ( * ) + ( * ) +

(3) + ( + ) ( + ) +

(4) + ( * ) + ( * )

(5) ( + ) * + ( * )

(6) ( * ) * * ( * )

(7) * ( + ) * ( + )

(8) * ( * ) * ( * )

͜ΕΛ࣮ࡍͷߏͱൺֱ͢Δͱɺ(6), (7), (8) ͕

Ұக͠ͳ͍ɻ(6) ͷྫͰɺߏจղੳثʹΑΔਖ਼͠

ߏ͍ ( * ) * ͱͳΔ͕ɺΈସ͑ޙͷߏ

 * ( * ) Ͱ͋Δɻ͜ΕΒ͔Β * ͷೋͭ

ͷҾͷ݁߹Λ {1, {2; 2}} ͱߋ৽͢Δɻ͢
ͯͷ෦ϊʔυͷ݁߹͕ 2 ͱͳͬͨͨΊɺ* ͷ

ϊʔυࣗͷ݁߹ 2 ͱม͠ߋɺ{2, {2; 2}}
ͱ͢Δɻ͜ͷ݁߹Λ༻ͯ͠ɺΈସ͑Λ͏ߦ

ͱҎԼͷϓϩάϥϜߏ͕ಘΒΕΔɻ

Έସ͑લͷߏ Έସ͑ޙͷߏ

(1) ( + ) + ( + ) +

(2) ( * ) + ( * ) +

(3) + ( + ) ( + ) +

(4) + ( * ) + ( * )

(5) ( + ) * + ( * )

(6) ( * ) * ( * ) *

(7) * ( + ) ( * ) +

(8) * ( * ) * ( * )

͜ΕΛ࣮ࡍͷߏͱൺֱ͢Δͱɺ(8) ͕Ұக͠ͳ

͍ɻ(8) ͷྫͰɺߏจղੳثʹΑΔߏ ( *

) * ͱͳΔ͕ɺΈସ͑ޙͷߏ * ( *

) Ͱ͋Δɻ͜ΕΒ͔Βɺ* ͷೋͭͷҾͷ݁߹

ΛΑΓ͘͠ߴɺ{2, {2; 3}} ͱߋ৽͢Δɻ͜ͷ
ͱɺߏͷޙ৽͞Εͨ݁߹ʹΑͬͯɺΈସ͑ߋ

ऴ࠷͕Ұக͢ΔͨΊɺߏͰಘΒΕΔثจղੳߏ

తͳ݁߹ʹͳΔɻ

͜ͷΑ͏ʹΈସ͑ͱɺ݁ՌͷൺֱʹΑΔߋ৽

Λ͜͏ߦͱͰɺ݁߹ʹؔ͢ΔใΛߏจղੳث

Λ༻͍ͯࣗಈతʹಘΔ͜ͱ͕Ͱ͖Δɻ

ਤ 5 ʹɺ݁߹ΛٻΊΔͨΊͷΞϧΰϦζϜΛ

ࣔͨ͠ɻupdate loop ͕ϝΠϯؔͰ͋Δɻ͜Ε

ߏจΛೋͭΈ߹ΘͤɺͦͷจྻࣈͷϦετ str

ͱ (Έ߹Θͤͯͨͬ࡞) நߏจ ast ͷͷϦ

ετΛඞཁͱ͢Δɻ͜ͷϦετΛ update loop ͷ

ୈҰҾ͓ΑͼୈೋҾͱͯ͢͠ɻୈೋҾͱ

͍ͯͯ͠͠Δͷɺ్தͰ݁߹ͷ͞ڧͷߋ

৽͕ͨͬ͜ى߹ʹɺ·ͨ͡Ί͔Βͨ͏ߦΊ

Ͱ͋Δɻupdate loop Ͱɺast Λࡏݱͷ݁߹ͷ

ใͰΈସ͑ͨͷͱɺจྻࣈͱͯ͠ͷ str Λ

ͷΛ͚͔ͨʹثจղੳߏ update ʹ͢ɻ͠

߹ʹ͖ͨى৽͕ߋ update trueΛฦͨ͢Ίɺ

第58回プログラミング・シンポジウム 2017.1.6-8

188



ͷϦετݩ orig Λ༻ͯ͠͡Ί͔ΒΓ͢ɻ

͠ߋ৽͕͖ىͳ͍߹ʹɺϦετͷଞͷཁૉ

ΔɻϦετʹཁૉ͕ແ͘ͳͬͨ͢ؼ࠶͍ͯͭʹ

߹ʹɺޙ࠷·Ͱ݁Ռ͕Ұகͨ͜͠ͱΛࣔͨ͢Ίɺ

ऴతͳ݁߹ʹؔ͢Δใ͕ಘΒΕ͍ͯΔɻ࠷

update Έସ͑ޙͷߏจͱɺߏจղੳثʹ

ΑͬͯಘΒΕͨߏจΛൺֱ͠ɺ݁߹ͷใΛ

৽͢Δߋ (͜͜Ͱ݁߹ͷใ෦Ͱอ࣋͞

Εɺഁ յతʹॻ͖͑ΒΕ͍ͯΔͱԾఆ͍ͯ͠Δ)ɻ

ͷͰثจղੳߏʹຊతج c ͱͳ͍ͬͯΔ෦

ʹؔͯ͠ɺ෦ࣜͷ݁߹Λ 1 ্͛Δɻલऀͷ

ͱऀޙͷ͕ߏจͱͯ͠Ұக͠ͳ͍߹ʹɺ

Έସ͑ޙͷߏจͷϊʔυ্͕ʹݱΕ͍ͯΔ͜ͱ

͕Ͱ͋ΔͨΊɺࣜࣗମͷ݁߹Λ 1 ্͛Δɻ

ͦͷࡍɺ෦ࣜͷ݁߹ಉ࣌ʹ্͛Δɻ

3.3 ୣڧ

ຊઅͰɺ͏Ұͭͷมنଇʹ͍ͭͯड़Δɻ

3.1 અ͓Αͼ 3.2 અߏจͱߏจͷΈସ͑Ͱ͋ͬ

͕ͨɺຊઅߏจͷҰ෦͕ଞͷߏจʹऔΒΕΔͱ

৽Ͱ͋Δɻߋ͏͍

ྫ͑ɺೋछྨͷ if จΛ༻ͨ͠ҎԼͷࣜΛߟ

͑Δɻ

if true then if false then 2 else 4

͜ͷϓϩάϥϜͰҎԼͷೋͭͷߏจͷՄੑ

ΒΕΔɻ͑ߟ͕

if

true if

false 2 4

if

true if

false 2

4

ࠨ else ෦͕ଆͷ if จʹଐ͍ͯ͠Δ

ͷɺӈ else ෦͕֎ଆͷ if จʹଐ͍ͯ͠Δ

ͷͰ͋Δɻ࣮ࡍʹ͜ͷϓϩάϥϜΛߏจղੳثʹ

͔͚ΔͱɺࠨͷߏจͱͳΔɻ͜Εଆͷͷ

͕༏ઌ͞Εͯߏจղੳ͞Ε͍ͯΔͨΊͰ͋Δɻຊ

અͰӈͷΑ͏ͳߏจΛࠨͷΑ͏ʹม͢Δن

ଇʹ͍ͭͯड़Δɻ

࢜จಉߏจͱͯ͠ଓ͍ͯ͠Δߏɺୣڧ

Ͱͳͯ͘Γཱͭɻྫ͑ɺif true then 1 +

if false then 2 else 4 *1 Ͱ্ͱಉ͡Α͏ͳ

ೋ௨Γͷ if จ͕͑ߟΒΕΔɻ

ਤ 6 Λࣔͨ͠ɻຊจؔ͏ߦ৽Λߋͷୣڧʹ

ͷߏจͰ if จʹؔͯ͠ͷΈߦ͕ୣڧΘΕΔɻͦ

ͷͨΊɺ͜ͷؔࣜͱͦͷ࣌ͷ else ෦Λͪ࣋

า͘ (option ͳ͍߹ʹ͠ࡏͰ͋Γɺଘܕ None

ͱͳΔ)ɻp ׅ͍͍͕ͯͭހΔ߹ͷ݁߹Ͱ͋

ΓɺͦΕҎ্Ͱ͋Δ߹ʹͦͷ֎ͱதͰͷ else

෦ͷΓͱΓߦΘΕͳ͍ɻͦΕҎ֎ͷ߹ʹ

ɺelse ෦Λͪ࣋า͖ͭͭɺelse ͕ͳ͍ if จΛ

Δͱɺͦͷ͚ͭݟ else ෦ΛຒΊͨࣜΛฦ͍ͯ͠

Δɻ͜ΕΛͯ͢ͷ෦Λରʹॱʹ͜͏ߦͱͰɺ

else ͷஔΛదʹอ͍ͬͯΔɻ

if จͱಉ͘͡ߦ͕ୣڧΘΕΔ match จͰͨͼͨ

ͼ؍ଌ͞ΕΔ͕ɺmatch ͷೖΕࢠΛهड़ͨ͠ࡍɺ

Ϣʔβͷҙਤ͠ͳ͍ࣜͷୣڧʹΑΔΤϥʔ͕ൃੜ

͢Δɻmatch จͷ߹ʹɺ֎ଆͷ match จͷ

ύλʔϯͷҰ෦͕ଆͷ match จʹΑͬͯ͞ୣڧ

ΕɺܕΤϥʔ͓ΑͼҙຯతͳΤϥʔͱͳΔέʔε

͕͋ΔͨΊͰ͋Δ (ͦͷͨΊϢʔβ͞ୣڧΕͳ͍

Α͏ʹɺׅހͷૠೖΛ͏ߦඞཁ͕͋Δ)ɻຊจͷ

Α͏ͳୣڧͷΈସ͑Ͱɺݕग़͢Δ͜ͱ͕Ͱ͖

ΔͨΊɺ࣌ୣڧʹϢʔβ͍߹ΘͤΔ͜ͱͰɺ͜

ͷΑ͏ͳΤϥʔΛ͙͜ͱ͕Ͱ͖Δͱ͑ߟΒΕΔɻ

3.4 ଇநग़نͷୣڧ

ຊઅͰୣڧͷنଇΛࣗಈతʹநग़͢Δํ๏ʹ

͍ͭͯड़Δɻୣڧͷنଇͷநग़ͰɺจྻࣈͰ

ͷϓϩάϥϜ͕ॏཁʹͳΔɻྫͱͯ͠ if-then-else

จ if true then 1 else 1 Λ͑ߟΔͱɺ్த·

Ͱͷ෦ if true then 1 ͦΕ୯ମͰϓϩάϥ

Ϝͱͯ͠डཧ͞ΕΔɻͦͯͦ͠ͷΓ෦ else 1

ɺif-then จʹଓ͢Δ͜ͱ͕Ͱ͖ɺif-then-else

จͱͳΔɻ͜ͷΑ͏ʹɺ·ͣҰ෦Ͱडཧ͞ΕΔ

จΛ୳ߏΓΛड͚औΕΔʹޙจΛ୳͠ɺͦͷߏ

ͤྑ͍ɻ

ਤ 7 ඞཁͳใΛूΊΔؔʹୣڧʹ

grab main Λࣔͨ͠ɻ͜ΕΒͷؔͰɺϓϩ

άϥϜΛจྻࣈͷϦετͱͯ͠දͨ͠ݱͷΛ༻

*1 ͜ͷࣜ OCaml ͰܕΤϥʔͱͳΔ͕ɺߏจղੳՄ
Ͱ͋Δ
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update : term ∗ term → bool

(* Ұ͕ͭΈସ͑ޙͷߏจɺೋ͕ͭߏจղੳثͷ࣮ࡍͷߏจ *)

update[c1, c2] = false

update[M1 Op1 Mn, N1 Op2 Nn] = if f [M1, N1]

when Op1 = Op2 then (Op2 ͷҰͭͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else if f [M2, N2]

else then (Op2 ͷೋͭͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else else true

update[if M1 then M2, if N1 then N2] = if f [M1, N1]

then (if then ͷҰͭͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else if f [M2, N2]

else then (if then ͷೋͭͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else else false

update[ifs M1 then M2 else M3, = if f [M1, N1]

if N1 then N2 else N3] then (if else ͷҰͭͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else if f [M2, N2]

else then (if else ͷೋͭͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else else if f [M3, N3]

else else then (if else ͷͭࡾͷ෦ࣜͷ݁߹Λ 1 ্͛Δ; true)

else else else true

update[M, ] = (M ͷࣜͷ݁߹Λ 1 ্͛Δ; true)

f : term ∗ term → bool

f [M,N ] = if M = N then false

else N = c then true

else false

update loop : (((string list) ∗ term) list) ∗ (((string list) ∗ term) list) → unit

update loop[[], orig] = ()

update loop[((str, ast) :: rest), orig] = if update[check swap[ast], parse str] then update loop orig orig

else update loop rest orig

ਤ 5 Έସ͑ʹඞཁͳ݁߹ʹؔ͢ΔنଇΛٻΊΔؔ update loop

͍Δɻྫ͑ɺif true then 1 else 1  [”if”;

”true”; ”then”; ”1”; ”else”; ”1”] ͱද͞ݱΕΔɻ

ؔ rem rule ͜ͷΑ͏ͳจྻࣈͷϦετͷϦ

ετ (ෳͷߏจใ) Λड͚औΓɺrem loop Λ

ͷϦετͷલํ෦͚ͩͰྻࣈɺͦͷจͯ͠༺

Γཱͭߏจ͕ͳ͍͔୳͢ࡧΔɻଘ͢ࡏΔ߹ʹ

ɺݩͷߏจɺલํ෦͚ͩͷߏจɺΓͷจࣈ

ྻͷϦετΛฦ͢ɻrem rule ࠷ऴతʹɺ(ݩ

ͷߏจ, લํ෦͚ͩͷߏจ, ͷϦεྻࣈΓͷจ

τ) ͷϦετΛฦ͢ɻؔ grab rule  rem rule

ͰಘΒΕͨใΛ༻͠ɺ͋ΔߏจʹΓͷจࣈ

ྻͷϦετΛՃͯ͠ɺ৽ͨͳߏจͱͯ͠Γཱ

ͨͳ͍͔Λ୳͢ࡧΔɻΓཱͭ߹ʹɺݩͷߏ

จɺલํ෦͚ͩͷߏจɺΓͷจྻࣈͷϦετɺ

Ճ͞ΕΔߏจɺՃ͞Εͨ͋ͱͷߏจΛฦ͢ɻ

͜ΕΒͷใΛ༻͢Δ͜ͱͰɺਤ 6 ͷؔ grab

Λ࡞Δ͜ͱ͕Ͱ͖Δɻ

4. ·ͱΊͱޙࠓͷ՝

ຊจͰɺਐతߏจղੳͷΑ͏ʹҰ෦͚ͩ

ม͞ߋΕͨϓϩάϥϜʹରͯ͠ߏจղੳΛ͏ߦख

๏ΛఏҊͨ͠ɻίϯύΠϥͷߏจղੳثΛ༻͢
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grab : term ∗ term list → term ∗ list option

grab[cs,Ms] = (cs, [])

grab[M1 OpsM2,Ms] = let Ms = if s >= p then [] else Ms in

let (M ′
1, ) = grab[M1, []] in

let (M ′
2,Ms′) = grab[M2,Ms] in

(M ′
1 OpsM ′

2,Ms′)

grab[ifs M1 then M2,Ms] = let Ms = if s >= p then [] else Ms in

let (M ′
1, ) = grab[M1, []] in

let (M ′
2,Ms′) = grab[M2,Ms] in

(match Ms′ with

| fst :: rest → (ifs M ′
1 then M ′

2 else fst, rest)

| [] → (ifs M ′
1 then M ′

2, []))

grab[ifs M1 then M2 else M3,Ms] = let Ms = if s >= p then [] else Ms in

let (M ′
1, ) = grab[M1, []] in

let (M ′
2,Ms′) = grab[M2, (M3 :: Ms)] in

(match Ms′ with

| fst :: rest → (ifs M ′
1 then M ′

2 else fst, rest)

| [] → (ifs M ′
1 then M ′

2, []))

ਤ 6 ৽Λ͢Δؔߋͷୣڧ grab

Δ͜ͱͰɺಛघͳߏจղੳثΛ࣮͢Δඞཁ͕ͳ

͍ͱ͍͏ར͕ଘ͢ࡏΔɻΈସ͑ʹඞཁͳ݁߹

ͷنଇୣڧͷنଇʹؔͯ͠ίϯύΠϥͷߏจ

ղੳثΛ༻͍Δ͜ͱͰٻΊ͍ͯΔɻ

ຊจͰͷߏจͷఆٛʹɺlet จɺύλʔϯϚο

ν (match จ) ΛՃ͠ɺ࣮Λͨͬߦͱ͜Ζɺ

ಉ༷ʹਖ਼͘͠ߋ৽Λ͜͏ߦͱ͕Ͱ͖ͨɻͨͩ͠ɺ

ΑΓෳࡶͳߏจʹ֦ுͨ͠ࡍʹɺΈସ͑ͱڧ

ୣͷΈͰߋ৽͕͑ߦΔ͔ະͰ͋ΔͨΊɺޙࠓ

จΛ֦ு͍͖͍ͯͨ͠ɻ·ͨɺຊจͰɺҰߏ

ՕॴͷมߋͷΈʹ͍ͭͯͨ͑ߟɻ࣮ࡍʹෳͷ

มߋ (ͨͱ͑ยํͰ ”(” Λɺ͏ยํͰ ”)” Λ

ॻ͘ͳͲ) ͕༰қʹ͜ىΓ͏ΔɻͦͷࡍʹͦΕΒ

ΛؚΉશମͷࣜʹରͯ͠ߏ࠶จղੳΛ͏ߦͷ໌

Β͔ʹແବͰ͋ΓɺͳΔ͘ݩͷߏΛอ͍ͪͨ

ͱ͍͏ຊڀݚͷझࢫͱҟͳΔɻΑͬͯͦͷΑ͏ͳ

มߋʹ͍ͭͯɺΑΓͦΕ·ͰͷߏΛอͬͨ··

Ͱߏจղੳ͢Δख๏͕ඞཁͱͳΔɻ

ݙจߟࢀ
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rem loop : string list ∗ string list ∗ term

→ (term ∗ term ∗ (string list)) list

rem loop[[], prog, orig] = []

rem loop[fst :: rest, prog, orig] = let prog′ = prog@[fst] in

try((orig, parse prog′, rest) :: (rem loop[rest, prog′, orig]))

with Syntax error → rem loop[rest, prog′, orig]

rem rule : (string list) list → (term ∗ term ∗ (string list)) list

rem rule[[]] = []

rem rule[fst :: rest] = (rem loop[fst, [], parse fst]) :: rem rule[rest]

grab loop : (string list) ∗ (term ∗ term ∗ (string list)) list ∗ term

→ (term ∗ term ∗ (string list) ∗ term ∗ term) list

grab loop[strs, [], orig] = []

grab loop[strs, (Morig,Mrem, strsrem) :: rest, orig] = try ((parse (strs@strsrem));

(Morig,Mrem, strsrem, orig, parse strs)

:: grab loop[strs, rest, orig])

with Syntax error → grab loop[strs, rest, orig]

grab rule : (string list) list ∗ (term ∗ term ∗ (string list)) list

→ ((term ∗ term ∗ (string list) ∗ term ∗ term) list) list

grab rule[[], rems] = []

grab rule[fst :: rest, rems] = (grab loop[fst, rems, parse fst]) :: (grab rule[rest, rems])

grab main : (string list) list →
((term ∗ term ∗ (string list) ∗ term) list) list

grab main[strs] = let rem list = rem rule strs in

let grab list = grab rule strs rem list in

grab list

ਤ 7 ඞཁͳใΛूΊΔؔʹୣڧ grab main
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