
ΤϥʔσόοΨܕͨ͠༺ΤϥʔεϥΠγϯάΛརܕ
ʹؔ͢Δ࣮ͱߟ

 ಸึ1,a) ରഅ ͔ͳ͑2,b) ઙҪ ݈Ұ1,c)

֓ཁɿOCaml ͷΑ͏ͳ੩తͳܕ͚Λޠݴ͏ߦͰɼܕʹΑͬͯଟ͘ͷ࣮࣌ߦΤϥʔΛऔ

Γআ͍͍ͯΔɽҰํɼܕΤϥʔ͕͋ΔͱϢʔβ͕ࣗͰσόοάΛ͍ߦɼਖ਼͍͠ܕ͚ʹͳ

ΔΑ͏ϓϩάϥϜΛॻ͖͑Δඞཁ͕͋Δɽ͜ΕϢʔβͷෛ୲ͱͳΔͨΊɼՄͳݶΓϓ

ϩάϥϛϯάࢧԉπʔϧ͕ิॿ͢Δ͖Ͱ͋ΔɽຊจͰɼطଘڀݚͷܕΤϥʔͷݪҼൣ

ғΛڱΊΔܕΤϥʔεϥΠαΛ֦ுɾ࣮͠ɼରతʹϢʔβ࣭͠ͳ͕ΒΤϥʔՕॴΛ

ಛఆ͢ΔܕΤϥʔσόοΨʹՃͨ͠ɽܕΤϥʔεϥΠεͷಋೖʹΑΓ࣭ճΛ͢ݮΔ

͜ͱ͕Ͱ͖ͨɽҰํɼ࣭ൣғ͕͞ݮΕΔ͜ͱʹΑΓɼ͕ܕΑΓҰൠతʹͳΔͨΊɼϢʔ

βͷΘ͔Γ͕͢͞͞ݮΕΔͷଘ͢ࡏΔ͜ͱͳͲͷ໌ͨ͠ɽ

ΩʔϫʔυɿܕΤϥʔɼσόοάɼܕΤϥʔεϥΠεɼOCamlɼؔޠݴܕ

1. ͡Ίʹ

ML  Haskell ͳͲͷܕ͍ڧ͖ؔޠݴܕͰ

ɼࣗಈతͳܕ͚ʢܕਪʣʹΑͬͯଟ͘ͷ࣮

ਖ਼͕͘͠ܕΤϥʔΛऔΓআ͍͍ͯΔɽ͔࣌͠͠ߦ

͘ϓϩάϥϜΛॻ͘͜ͱ༰қͰͳ͍ɽ·ͨɼ

ίϯύΠϥܕΤϥʔʹؔͯ͠Τϥʔϝοηʔδ

Λฦ͕͢ɼΤϥʔϝοηʔδ͕ৗʹܕΤϥʔͷݪ

ҼΛࢦఠ͢ΔͱݶΒͣɼଟ͘ͷ߹ɼϓϩάϥ

ϚࣗͰܕΤϥʔͷݪҼΛ୳͢͜ͱʹͳΔɽ

1.1 ҼݪΤϥʔͱͦͷܕ

۩ମྫͱͯ͠ɼOCaml Ͱॻ͔Εͨ࣍ͷܕΤϥʔ

ΛؚΉϓϩάϥϜͱ OCaml ͷίϯύΠϥ͕ฦ͢

1 ͓ͷਫঁࢠେֶ
2 ॴڀݚใֶཱࠃ
a) g1320544@is.ocha.ac.jp
b) k tsushima@nii.ac.jp
c) asai@is.ocha.ac.jp

ΤϥʔϝοηʔδΛͯ͑ߟΈΔɽ

let sum x y = x + y in sum 1 2.0

Error: This expression has type float

but an expression was expected of type

int

͜ͷϓϩάϥϜΛ࣮͠ߦΑ͏ͱ͢Δͱɼϓϩά

ϥϜதͰԼઢ෦͕Ҿ͔Εͨ෦Ͱܕͷিಥ͕͜ى

ΓɼܕΤϥʔ͕ൃੜ͢ΔɽΤϥʔϝοηʔδɼ

2.0 ʹ int ͞Ε͕ͨɼ2.0ظ͕ܕ ࣗମ float

ΤϥʔΛमਖ਼͢ܕఠ͍ͯ͠Δɽ͜ͷࢦͰ͋Δͱܕ

Δํ๏ɼϓϩάϥϚͷ͍ࢥඳ͘ϓϩάϥϜʹґͬ

ͯແʹ͑ߟΒΕΔɽྫ͑ɼϓϩάϥϚ͕͑ߟ

ΔܕΤϥʔͷݪҼ͕ 2.0 ʹ͋Δ߹ʹɼ͜ͷ

ΤϥʔϝοηʔδదͰ͋ΓɼϓϩάϥϚΤ

ϥʔΛཧղͯ͠मਖ਼͢Δ͜ͱ͕ग़དྷΔɽ͔͠͠ɼ

Ҽ͕ҧ͏Օॴʹ͋Δ߹ʹɼͳͥݪΤϥʔͷܕ

͔ 2.0 ʹ int ͞Εͨͱ͍͏ใ͔͠ಘΒظ͕ܕ

Εͳ͍ͨΊɼϓϩάϥϚࣗͰܕΤϥʔͷݪҼΛ
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୳͢ඞཁ͕͋Δɽ

ͦͦܕΤϥʔ͕ൃੜ͢ΔݪҼɼೋͭͷ୯

ҰԽͰ͖ͳ͍͕ܕϓϩάϥϜதʹଘ͍ͯ͠ࡏΔͨ

ΊͰ͋ΔɽલͷྫͰɼ2.0 ͱ + ͱ͍͏ೋͭͷ෦

ͷ͕ܕিಥ͍ͯ͠ΔɽͦΕʹՃ͑ͯɼೋͭͷܕ

͕ಉҰͰͳ͚ΕͳΒͳ͍ͱ੍͢ڧΔՕॴ͕ଘࡏ

͢Δ͜ͱʹΑͬͯܕΤϥʔ͕͜ىΔɽ

ίϯύΠϥલड़ͷϓϩάϥϜʹ͍ͭͯɼਪ

Λ༻͍ͯਤث 1ʹࣔ͢Α͏ͳܕਪΛੜ͢Δɽ

ਤதͷ (a)  let จʹର͢Δܕਪɼ(b)  in

ҎԼͷࣜʹର͢Δܕਪɼ(c)  (a) ͱ (b) Λ෦

ͱͯͭ࣋͠ϓϩάϥϜશମͷܕਪΛද͠

͍ͯΔɽlet จʹΑΔؔఆٛɼࢦఆ͞Εͨม

໊ʹ͕ؔ༩͑ΒΕͨͷͩͱղऍ͞ΕΔɽ

͜ΕΒͷਪ͔Βɼfloat ͷܕ 2.0 Λ sum ͷ

ୈೋҾͱ͍ͯͯ͠͠Δ͕ɼsum ͷఆٛͰୈ

ೋҾ y +ʹ͞Ε͍ͯΔͨΊɼintܕͱͳΔඞ

ཁ͕͋Δ͜ͱ͕໌Β͔Ͱ͋ΔɽͦͷͨΊೋͭͷܕ

͕িಥ͢Δ͜ͱʹͳͬͨɽ͜ͷΑ͏ʹɼܕΤϥʔ

িಥ͢ΔೋͭͷܕΛͭ࣋෦ͱɼͦΕΒ͕ಉҰ

Ͱͳ͚ΕͳΒͳ͍ͱఆΊΔՕॴʹΑͬͯҾ͖ى

͜͞ΕΔɽ

1.2 ΤϥʔσόοΨͱͦͷܕ

Chitil [1] ߹తͳܕਪΛ͜͏ߦͱʹΑΓɼ

ରతͳܕΤϥʔσόοΨΛՄͱͨ͠ɽରഅ

Β [5] ͦΕΛίϯύΠϥͷܕਪ ߦ͍ͯ༺Λث

͏ख๏ΛఏҊͨ͠ɽͦΕʹΑΓɼ࣮ͷෛ୲Λݮ

Β͠ɼ࣮ ༻తͳޠݴΛରͱ࣮ͨ͠ΛՄʹͳͬ

ͨɽܕΤϥʔσόοΨͰɼϓϩάϥϚͷ࣭

Λ͜͏ߦͱʹΑΓɼରతʹΤϥʔՕॴΛಛఆ͢

Δɽલड़ͷϓϩάϥϜΛରഅΒͷܕΤϥʔσόο

Ψ্Ͱ࣮͢ߦΔͱԼهͷΑ͏ͳϝοηʔδ͕දࣔ

͞ΕΔɽ

let sum x y = x + y in

sum 1 2.0;;

ϋΠϥΠτ͞Εͨ෦ͷܕΛ

int -> int -> int

ͩͱҙਤ͍ͯ͠·͔͢ʁ

(y/n/q) >

͜ͷ࣭ͰɼϓϩάϥϚ͕ sum ͷܕΛ

int -> int -> int Ͱ͋Δͱҙਤ͍ͯ͠Δ͔Ͳ

͏͔ΛਘͶ͍ͯΔɽϓϩάϥϚ͕ͦͷΑ͏ʹҙਤ

͍ͯ͠Ε y (yes)ɼͦ͏Ͱͳ͚Ε n (no) ͱ

͑ΕΑ͍ɽ͜ͷ࣭ͷճʹΑͬͯɼ࣍ʹ࣭

͞ΕΔՕॴ͕มԽ͢Δɽ

࣭ͷ༰࠷൚ܕͱ͍͏ಛघͳΛ࡞ʹݩ

ΒΕ͍ͯΔɽ࠷൚ܕͰɼଞͷ෦ͷܕʹӨڹ

͞Εͳ͍Օॴʹ࠷Ұൠతͳ͕ܕ༩͑ΒΕ͍ͯ

ΔɽܕΤϥʔσόοΨͰਤ 2Λ༻͍ͯ͠Δɽ

௨ৗͷܕਪͰɼҰ൪্ͷஈͰมͷܕ

x: int ɼ y: int ʹͳΔ͕ɼ࠷൚ܕͰͦΕ

ͧΕͷ෦͕ࣜ࠷ҰൠతͳܕΛ͕ͭ࣋ҟͳΔɽ

͜ΕʹΑͬͯɼݪҼ͕ x  y Ͱͳ͘ɼ+ ʹ͋

Δ͜ͱ͕ಛఆՄʹͳΔɽ

Ҽͱͳ͍ͬͯΔՕॴͷಛఆʹɼݪΤϥʔͷܕ

ΞϧΰϦζϛοΫσόοΪϯά [3]Λར༻͍ͯ͠

ΔɽΞϧΰϦζϛοΫσόοΪϯάɼShapiro ʹ

ΑͬͯߟҊ͞ΕͨߏΛͭ࣋ͷͷΤϥʔՕॴ

Λಛఆ͢ΔͨΊͷख๏ͰɼҎԼͷॱংͰΤϥʔͷ

ՕॴΛಛఆ͢Δɽ

( 1 ) Τϥʔʹͳ͍ͬͯΔϊʔυͷࢠϊʔυʹΤ

ϥʔ͕͋Δ͔Ͳ͏͔ΛݟΔɽ

( 2 ) શͯͷࢠϊʔυʹΤϥʔ͕ͳ͚Εɼͦͷ

ϊʔυ͕ΤϥʔͷݪҼͱಛఆ͢Δɽ

( 3 ) ϊʔυʹΤϥʔ͕͋ͬͨΒͦͷϊʔυʹରࢠ

ͯ͠ΞϧΰϦζϛοΫσόοΪϯάΛ͏ߦɽ

࣭ݪҼͱͯ͠ಛఆ͞ΕͨՕॴͷࢠϊʔυͷ

ҙਤΛਘͶΔ͜ͱ͔Β࢝ΊΔɽෳͷࢠϊʔυ͕

͋Δ߹ɼϓϩάϥϜதͰΑΓखલʹهड़͞Ε͍ͯ

ΔՕॴΛ༏ઌ͢ΔɽϓϩάϥϚͷҙਤ௨ΓͰ͋Ε

ɼܕΤϥʔσόοΨͷ෦Ͱ֘ՕॴʹΤϥʔ

͕ͳ͍ͱஅ͠ɼڞ௨ͷΛͭ࣋ଞͷϊʔυʹର

ͯ͠ॱʹΞϧΰϦζϛοΫͰόοΪϯάΛ͍ߦɼ

ରͱͳΓಘΔଞͷϊʔυ͕ͳ͚Εɼͦͷϊʔ

υʹݪҼ͕͋Δͱಛఆ͞ΕΔɽҰํɼϓϩάϥϜ

ͷҙਤ௨ΓͰͳ͚Εɼ֘ՕॴʹΤϥʔ͕͋Δ

ͱஅ͠ɼͦͷϊʔυʹରͯ͠ΞϧΰϦζϛοΫ

σόοΪϯάΛ͏ߦɽ·ͨɼ͕ڥଘ͢ࡏΔࡍɼ

ઌʹڥͷҙਤΛਘͶΔɽ

ਤ 2 ͷΛ༻͍ͯɼσόοά͢Δ͜ͱΛ͑ߟ
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Γ{x:int,y:int} ⊢ x : int Γ{x:int,y:int} ⊢ + : int → int → int Γ{x:int,y:int} ⊢ y : int

Γ{x:int,y:int} ⊢ x + y : int

Γ{x:int} ⊢ fun y → x + y : int → int

Γ ⊢ fun x → fun y → x + y : int

Γ ⊢ let sum x y = x + y : int → int → int

(a) let จ ʹର͢Δܕਪ

Γ{sum:int→int→int} ⊢ sum : int → int → int Γ{sum:int→int→int} ⊢ 1 : int Γ{sum:int→int→int} ⊢ 2.0 : float

Γ{sum:int→int→int} ⊢ sum 1 2.0 : error

(b) in ҎԼͷࣜʹର͢Δܕਪ

(a) let จʹର͢Δܕਪ (b) in ҎԼͷࣜʹର͢Δܕਪ

Γ ⊢ let sum x y = x + y in sum 1 2.0 : error

(c) શମͷܕਪ

ਤ 1: ίϯύΠϥͷܕਪ

Γ{x:α,y:β} ⊢ x : α Γ{x:α,y:β} ⊢ + : int → int → int Γ{x:α,y:β} ⊢ y : β

Γ{x:int,y:int} ⊢ x + y : int

Γ{x:int} ⊢ fun y → x + y : int → int

Γ ⊢ fun x → fun y → x + y : int

Γ ⊢ let sum x y = x + y : int → int → int

(a) let จ ʹର͢Δ࠷൚ܕ

Γ{sum:int→int→int} ⊢ sum : int → int → int Γ{sum:int→int→int} ⊢ 1 : int Γ{sum:int→int→int} ⊢ 2.0 : float

Γ{sum:int→int→int} ⊢ sum 1 2.0 : error

(b) in ҎԼͷࣜʹର͢Δ࠷൚ܕ

(a) let จʹର͢Δ࠷൚ܕ (b) in ҎԼͷࣜʹର͢Δ࠷൚ܕ

Γ ⊢ let sum x y = x + y in sum 1 2.0 : error

(c) શମͷ࠷൚ܕ

ਤ 2: ܕ൚࠷ΤϥʔσόοΨʹΑΔܕ

ΔɽܕΤϥʔͷݪҼɼ·ͣܕͷিಥ͕͋ͬͨ

sum 1 2.0 ͔Β։࢝͢Δɽ͜ͷ݁ՌΛݩʹɼ͜ͷ

ؔద༻ͷͲ͔͜ʹݪҼ͕͋ΔͱԾఆ͠ɼࢠϊʔ

υʹ͍࣭ͭͯΛ͏ߦɽ͡Ίͷ࣭ʹ y ͱճ

ͨ͠߹ʹɼܕΤϥʔσόοΨ sum Τܕ͕

ϥʔͷݪҼͰͳ͍ͱஅ͠ɼ࣍ʹ sum ͷҾʹ

͍ͭͯਘͶΔɽҰํɼn ͱճͨ͠߹ʹɼܕ

ΤϥʔσόοΨ sum ҼͰ͋ΔͱݪΤϥʔͷܕ͕

அ͠ɼ্ͷఆٛ෦ʹҠಈ͠ɼ࣍ʹ sum ͷఆٛ

ʹ͍ͭͯਘͶΔɽ

ରഅΒͷܕΤϥʔσόοΨͷɼݪҼʹ

ͳΓಘͳ͍Օॴʹ͍࣭͕ͭͯߦΘΕΔ͜ͱͰ

͋Δɽલड़ͷϓϩάϥϜͷ߹ɼܕΤϥʔͷൃੜ

ʹ 1 ͱ sum ͷୈҰҾ x ؔ༩͍ͯ͠ͳ͍ͷͰɼ

͜ΕΒʹର͢Δ࣭ແବͰ͋Δͱ͍͑Δɽ·ͨɼ

ϓϩάϥϜʹϨίʔυίϯετϥΫλͷΑ͏ͳ
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෦ʹෳͷܕΛ͏ͪ࣋Δؚ͕·ΕΔͱɼ͢

ͯͷܕͷϑΟʔϧυҾʹ͍ͭͯਘͶΔ͜ͱʹ

ͳΓɼແବͳ࣭͕ଟ͘ͳΔɽ

1.3 ΤϥʔεϥΠεܕ

͜ͷΑ͏ͳܕΤϥʔεϥΠεΛಋೖ͢Δ

͜ͱͰղܾ͞ΕΔɽܕΤϥʔεϥΠεͱɼܕΤ

ϥʔʹؔ͢Δ෦ͷΈΛൈ͖ग़ͨ͠ϓϩάϥϜ

Ͱ͋Δɽલड़ͷϓϩάϥϜͷܕΤϥʔεϥΠε

ҎԼͷΑ͏ʹͳΔɽ

let sum x y = ˘ + y in sum ˘ 2.0

˘ ͱ͍͏෦ɼ2.0 ͱ + ͷܕͷিಥʹؔͯ͠

͓Βͣɼল͔Εͨ෦Ͱ͋ΔɽܕΤϥʔεϥΠε

Ұͭͷܕͷিಥʹؔ͢Δશͯͷ෦ΛؚΉͨ

ΊɼͦͷதʹඞͣܕΤϥʔͷݪҼؚ͕·ΕΔɽ

1.4 ఏҊख๏ʹ͍ͭͯͷઆ໌

ͳ͍࣭Λলུ͢ΕϓϩάϥؔʹΤϥʔܕ

Ϛͷෛ୲͕ݮΓɼσόοάͷޮԽ͕ظͰ͖Δɽ

࣭͕ඞཁ͔൱͔ɼܕΤϥʔεϥΠεͰநԽ

͞ΕΔ͔൱͔ͱಉٛͰ͋Δɽͦ͜ͰɼຊจͰ

ରഅΒ [4]ͷܕΤϥʔεϥΠαͷ࣮͓ΑͼߏจΛ

֦ு͠ɼͦΕʹΑͬͯநԽ͞Εͨ෦ʹର͢Δ

࣭Λলུ͢Δɽ

લड़ͷϓϩάϥϜΛ࣮ࡍͨ͠ߦͷɼܕΤϥʔσ

όοΨͷ࣭ͷਪҠΛߏͰදͨ͠ݱͷΛਤ

3ʹࣔ͢ɽਤதͷ֤ϊʔυɼ༿ϊʔυ͕ܕΤϥʔ

ͷݪҼͰ͋Δͱಛఆ͞ΕͨՕॴɼͦΕҎ֎͕Լઢ

෦ʹ͍࣭ͭͯ͞Ε͍ͯΔ͜ͱΛҙຯ͢Δɽ·ͨɼ

Լઢ෦ʹؚ·ΕΔมʹ͍࣭ͭͯ͞Ε͍ͯΔ

߹ɼରͷมΛͰғ͍ͬͯΔɽϊʔυͷਂ͞

ɼͦΕʹ౸ୡ͢Δ·Ͱʹ࣭ͨ͠ͷճͱͳΓɼ

࣭ʹରͯ͠ y ͱճͨ͠ΒࠨଆͷࢠϊʔυΛɼn

ͱճͨ͠ΒӈଆͷࢠϊʔυΛͨͲΔɽܕΤϥʔ

εϥΠεͷಋೖલޙʹΑͬͯɼʷʹஔ͖͑ΒΕ

ͨϊʔυɼܕΤϥʔεϥΠαͷಋೖʹΑͬͯল

ུ͞ΕΔ͖ՕॴͰ͋Δɽ࣭ͷলུɼϓϩά

ϥϚͷҙਤΛਘͶΔඞཁ͕ͳ͘ɼܕΤϥʔσόο

Ψ͕ࣗಈతʹ y ͱղऍͯ͠ྑ͍ՕॴͰߦΘΕΔɽ

ͦͷͨΊɼলུ͞Εͨϊʔυͷӈ෦ʹؚ·Ε

Δ࣭શͯলུ͞ΕΔɽ

2. ΤϥʔεϥΠαܕ

ຊઅͰɼରഅΒͷܕΤϥʔεϥΠαΛίϯε

τϥΫλɼϨίʔυɼύλʔϯϚονͰ֦ுͯ͠

͍ΔɽϕʔεͱͳΔܕΤϥʔεϥΠαʹ͍ͭͯɼ

ରഅΒͷจ [4]ΛࢀরͤΑɽ֦ுͨ͠ߏจΛਤ 4

ͱਤ 5ʹࣔ͢ɽ

2.1 ΞϧΰϦζϜͷ֓ཁ

৽͘͠Ճͨ͠ߏจΛؚΉྫʹ͍ͭͯɼܕΤϥʔ

εϥΠεΛಘΔ͜ͱΛ͑ߟΔɽ

2.1.1 ίϯετϥΫλͷܕΤϥʔεϥΠε

·ͣɼίϯετϥΫλ X Ͱ 2 ൪ͷҾͷ͕ܕ

int Ͱͳ͘ɼผͷܕͰ͋ΔԼهͷྫʹ͍ͭͯߟ

͑Δɽ

type x = X of int * string * int

X (1,2,3)

͡ΊʹίϯετϥΫλͷߏจશମʹ͠ɼҾ

Λ෦తʹநԽͨ͠ू߹Λ͑ߟΔɽҾλ

ϓϧͱͯ͠༩͑ΒΕ͍ͯΔͷͰɼநԽͷ݁Ռ

λϓϧʹ४ͣΔɽλϓϧΛநԽͨ͠ू߹Λશͯ

ίϯετϥΫλͱͯ͠ஔ͖ͯ͑ɼ͜ΕΒΛܕਪ

ثʹ͔͚Δͱɼ

X (˘, 2, 3), X (1, 2, ˘)

ΤϥʔʹͳΔɽͦΕΛ͞Βʹ෦తʹநԽܕ͕

ͨ͠ू߹Λܕਪثʹ͔͚Δͱ͍͏աఔΛ܁Γฦ

͢ͱɼ

X (˘, 2, ˘)

ͷ࣌Ͱ͜ΕҎ্நԽ͢ΔͱܕΤϥʔʹͳΔཁ

ૉ͕ݱΕͳ͘ͳΓɼ࠷ऴతʹ

X (˘, 2, ˘)

͕ಘΒΕΔɽ

ɼίϯετϥΫλʹ࣍ Y ͷఆ্ٛͷҾͷ͕

1 Δɽ͑ߟ͍ͯͭʹͷྫهͰͳ͍Լݸ

type y = Y of bool * bool

Y (true)

͡ΊʹίϯετϥΫλͷߏจશମʹ͠ɼҾ

Λ෦తʹநԽͨ͠ू߹Λ͑ߟΔɽͦͷू߹

ҾΛநԽͨ͠ίϯετϥΫλΛ།Ұͷཁૉ

ͱͯͪ࣋͠ɼܕਪثʹ͔͚ΔͱܕΤϥʔʹͳΔɽ

͜ΕҎ্நԽͰ͖ͳ͍͕ܕΤϥʔʹͳΔͷͰɼ
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sum 1 2.0

sum 1 2.0

sum 1 2.0

sum 1 2.0 2.0

1

let sum x y = x+y

sum let sum x y = x +y

let sum x y = x+y

x y = x+y let sum x y = x+ y

let sum x y = x+y

y = x+y let sum x y = x+y

x+y +

let sum x y = x+y

x+ y +

let sum x y = x+ y

let sum x y = x+y

x +y +

let sum x y = x+y

x + y +

(a) ΤϥʔεϥΠεಋೖલܕ

sum ˘ 2.0

ʷ

sum ˘ 2.0

sum ˘ 2.0 2.0

ʷ

let sum x y = ˘+y

sum ʷ

let sum x y = ˘+y

x y = ˘+y let sum x y = ˘+ y

let sum x y = ˘+y

y = ˘+y let sum x y = ˘ +y

˘+y +

let sum x y = ˘ +y

˘+ y +

ʷ

ʷ

ʷ ʷ

ʷ

ʷ ʷ

(b) ޙΤϥʔεϥΠεಋೖܕ

ਤ 3: ΤϥʔσόοΨͷ࣭ͷਪҠܕ
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(l : label) := (ϓϩάϥϜʹ͓͚Δ֘ࣜͷ

։࢝ҐஔͱऴྃҐஔͷɽ

ϓϩάϥϜதͰҰҙɽ)

(fn : field) := (Ϩίʔυܕͷ֤ཁૉΛද໊͢લɽ

ϓϩάϥϜதͰҰҙɽ)

(M : term) := Cl (ίϯετϥΫλ)

| ClM (ίϯετϥΫλ)

| {f1 = M ;
...

fn = M} (Ϩίʔυ)

| (match M with

| P → M
...

| P → M) (ύλʔϯϚον)

(τ : type) := Cl (ίϯετϥΫλܕ)

| Clofτ (ίϯετϥΫλܕ)

| {f1 : τ ;
...

fn : τ} (Ϩίʔυܕ)

ਤ 4: ϥϜμࢉܭͷߏจͱܕʢ֦ு෦ʣ

(S : slice) := Cl (ίϯετϥΫλ)

| ClS (ίϯετϥΫλ)

| {f1 = S;
...

fn = S} (Ϩίʔυ)

| (match S with

| P → S
...

| P → S) (ύλʔϯϚον)

(P : pattern) := cl (ఆ)

| xl (ม)

| (P, . . . , P )l ()

| Cl (ίϯετϥΫλ)

| ClP (ίϯετϥΫλ)

| {f1 = P ;
...

fn = P} (Ϩίʔυ)

ਤ 5: εϥΠεͷߏจʢ֦ு෦ʣ

ʹऴత࠷

Y(˘)

͕ಘΒΕΔɽ

2.1.2 ϨίʔυͷܕΤϥʔεϥΠε

Ϩίʔυ r ͷϑΟʔϧυ f3 ͷཁૉ͕ɼstring

Ͱͳ͘ܕ char ߟ͍ͯͭʹͷྫهͰ͋ΔԼܕ

͑Δɽ

type r = {f1 : string;

f2 : string;

f3 : char; }
{f1 = "abc"; f2 = "de"; f3 = "f"}

͡ΊʹϨίʔυͷߏจશମʹ͠ɼҾΛ෦

తʹநԽͨ͠ू߹Λ͑ߟΔɽͦͷू߹

{f1 = ˘; f2 = "de"; f3 = "f"},
{f1 = "abc"; f2 = ˘; f3 = "f"},
{f1 = "abc"; f2 = "de"; f3 = ˘ }

ͱͳΔɽ͜ΕΒΛܕਪثʹ͔͚Δͱɼઌ಄ͷཁ

ૉ͕ܕΤϥʔʹͳΓɼͦΕΛ͞Βʹ෦తʹந

Խͨ͠ू߹Λܕਪ͚͔ثΔͱ͍͏աఔΛ܁Γฦ

͢ͱɼ

{f1 = ˘; f2 = ˘; f3 = "f"}
ͷ࣌Ͱ͜ΕҎ্நԽ͢ΔͱܕΤϥʔʹͳΔཁ

ૉ͕ݱΕͳ͘ͳΓɼ࠷ऴతʹ

{f1 = ˘; f2 = ˘; f3 = "f"}
͕ಘΒΕΔɽ

2.1.3 ύλʔϯϚονͷܕΤϥʔεϥΠε

·ͣɼԼهͷύλʔϯϚονΛ͢Δࣜͱύλʔ

ϯͷ͕ܕ߹Θͳ͍ྫʹ͍ͭͯ͑ߟΔɽ

match 1 with true -> 1 | false -> 0

͡ΊʹύλʔϯϚονͷߏจશମʹ͠ɼ֤ ࣜ

Λ෦తʹநԽͨ͠ू߹Λ͑ߟΔɽͦͷू߹

match ˘ with true -> 1 | false -> 0,

match 1 with true -> ˘ | false -> 0,

match 1 with true -> 1 | false -> ˘

ͱͳΔɽ͜ΕΒΛܕਪثʹ͔͚Δͱɼઌ಄ͷཁ

ૉܕΤϥʔʹͳΒͣɼͦͷ࣍ͷཁૉͰܕΤϥʔ

ʹͳΔɽͦΕΛ͞Βʹ෦తʹநԽͨ͠ू߹Λ

Γฦ͢ͱɼ܁Δͱ͍͏աఔΛ͚͔ثਪܕ
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match 1 with true -> ˘ | false -> ˘

ͷ࣌Ͱ͜ΕҎ্நԽ͢ΔͱܕΤϥʔʹͳΔཁ

ૉ͕ݱΕͳ͘ͳΓɼ࠷ऴతʹ

match 1 with true -> ˘ | false -> ˘

͕ಘΒΕΔɽ

߹Θͳ͍߹͕ܕͰ࢜ͷύλʔϯಉهɼԼʹ࣍

Δɽ͑ߟ͍ͯͭʹ

match 1 with 1 -> 1 | false -> 0

͡ΊʹύλʔϯϚονͷߏจશମʹ͠ɼ֤ ࣜ

Λ෦తʹநԽͨ͠ू߹Λ͑ߟΔɽͦͷू߹

match ˘ with 1 -> 1 | false -> 0,

match 1 with 1 -> ˘ | false -> 0,

match 1 with 1 -> 1 | false -> ˘

ͱͳΔɽ͜ΕΒΛܕਪثʹ͔͚Δͱɼઌ಄ͷཁ

ૉ͕ܕΤϥʔʹͳΓɼͦΕΛ͞Βʹ෦తʹந

Խͨ͠ू߹Λܕਪ͚͔ثΔͱ͍͏աఔΛ܁Γฦ

͢ͱɼશͯͷ͕ࣜநԽ͞ΕΔɽ͜ΕҎ্நԽ

Ͱ͖ͳ͍͕ܕΤϥʔʹͳΔͷͰɼ࠷ऴతʹ

match ˘ with true -> ˘ | false -> ˘

͕ಘΒΕΔɽ

͞ΒʹɼԼهͷύλʔϯͷ݁Ռಉ࢜Ͱ͕ܕ߹Θ

ͳ͍߹ʹ͍ͭͯ͑ߟΔɽ

match 1 with 1 -> 1 | 0 -> false

͡ΊʹύλʔϯϚονͷߏจશମʹ͠ɼ֤ ࣜ

Λ෦తʹநԽͨ͠ू߹Λ͑ߟΔɽͦͷू߹

match ˘ with 1 -> 1 | 0 -> false,

match 1 with 1 -> ˘ | 0 -> false,

match 1 with 1 -> 1 | 0 -> ˘

ͱͳΔɽ͜ΕΒΛܕਪثʹ͔͚Δͱɼઌ಄ͷཁ

ૉ͕ܕΤϥʔʹͳΔɽ͜ΕҎ্நԽ͢ΔͱܕΤ

ϥʔʹͳΔཁૉ͕ݱΕͳ͘ͳΓɼ࠷ऴతʹ

match ˘ with 1 -> 1 | 0 -> false

͕ಘΒΕΔɽ

2.2 ϓϩάϥϜ

ਤ 6ʹରഅΒͷܕΤϥʔεϥΠαΛݩʹ֦ு͠

ͨϓϩάϥϜΛࣔ͢ɽ

abst one ड͚औͬͨεϥΠεͷҰՕॴΛந

Խͨ͠εϥΠεͷू߹Λฦؔ͢Ͱ͋Δɽແݶ

ϧʔϓΛආ͚ΔͨΊʹɼू߹ʹநԽͨ݁͠Ռ

ͱಉ͡Ͱ͋ΔΑ͏ͳͷؚΊͳ͍ɽίϯεݩ͕

τϥΫλΛड͚औͬͨ߹ɼҾ͕ෳʢλϓϧʣ

Ͱ͋ΕҾʹ͍ͭͯ͠ؼ࠶ɼ୯Ͱ͋ΕҾ

ΛநԽ͢ΔɽϨίʔυΛड͚औͬͨ߹ɼλϓ

ϧͷ߹ͱಉ༷ʹ֤ཁૉΛநԽ͠ɼඌʹεέ

ϧτϯΛՃ͑ΔɽύλʔϯϚονͷ߹ɼ͡Ί

ʹύλʔϯϚονΛ͢ΔࣜΛநԽ͠ɼͦΕ͔Β

ύλʔϯϚονͷ֤݁ՌΛநԽ͢Δɽ

search ֦ுલͱಉ͡Ͱ͋Δɽ͜ͷؔΑΓ

நԽ͞ΕͨεϥΠεͷީิू߹ͱɼͦͷίϯς

ΩετɼαϯΫʢ࣮ߦΛҰ࣌தஅͤͨ͞ϓϩάϥ

ϜΛ͠ࢦɼඞཁʹԠͯ͡ҾΛ͢͜ͱͰ࣮ߦΛ

։͢ΔʣΛड͚औΔɽީิͷதʹίϯςΩετ࠶

ͷͱͰܕΤϥʔʹͳΔͷ͕ଘ͢ࡏΔ߹ʹɼ

ͦͷࣜΛΑΓநԽ͢ΔͨΊʹ get slice Λݺͼग़

͢ɽଘ͠ࡏͳ͍߹ʹαϯΫΛݺͼग़͢ɽ͜ͷ

αϯΫʹΑͬͯߏจΛͭͭ͠෦ࣜͷநԽΛ

Δɽ͍ͯͬߦ

get slice ܕΤϥʔεϥΠεΛٻΊΔϝΠϯؔ

Ͱ͋Δɽ˘ʹద༻͢Δͱ͕ͭ͘ܕίϯςΩετ

cxt ͷͱͰܕΤϥʔʹͳΔεϥΠε S Λड͚औ

ΓɼΑΓநԽ͞ΕͨܕΤϥʔεϥΠεΛҰͭฦ

͢ɽίϯετϥΫλΛड͚औͬͨ߹ɼsearch ʹ

͢αϯΫͷதͰɼίϯετϥΫλͷҾʹ͍ͭ

ΔɽϨίʔυΛड͚औͬͨ߹ɼؔద͢ؼ࠶ͯ

༻λϓϧͱಉ༷ʹ֤ཁૉΛஔ͖͑ΔΑ͏ͳί

ϯςΩετͷݩͰͷεϥΠεΛॱʹٻΊͯɼޙ࠷

ʹͦΕΒΛϨίʔυͱͯ͠ͻͱͭʹ·ͱΊͯฦ͢ɽ

ύλʔϯϚονͷ߹ɼύλʔϯϚονΛ͢Δࣜ

Λஔ͖͑ΔΑ͏ͳίϯςΩετͷݩͰͷεϥΠ

εΛٻΊͨޙɼಉ༷ʹύλʔϯϚονͷ݁Ռͷε

ϥΠεΛॱʹٻΊΔɽ

2.3 ࣮

֦ுͨ͠ܕΤϥʔεϥΠαɼOCaml 4.02.1 ͷ

ɼifɼtryɼࡍΤϥʔσόοΨ্Ͱ࣮ͨ͠ɽͦͷܕ

constraintͷߏจʹରԠ͍ͤͯ͞Δɽෳߦ

ʹΔϓϩάϥϜͷ߹ʹɼܕͷিಥ͕ൃੜ͢Δ

·ͰͷڥԼͰɼܕͷিಥ͕ൃੜ͔ͨ͠ߦΒॱʹ͞

͔ͷ΅֤ͬͯߦͷܕΤϥʔεϥΠεΛٻΊ͍ͯΔɽ

·ͨɼ۟ࣈղੳɼߏจղੳɼܕਪ OCaml ͷ

ͷΛ࠶ར༻͍ͯ͠Δɽ
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1 : abst one : slice → slice list

2 : abst one[[ClS]] = [Cl✷] \ ClS

3 : abst one[[Cl(S1, . . . , Sn)l]] = [Cl(✷, . . . , Sn)l; . . . ;Cl(S1, . . . ,✷)l;

4 : Cl(@= S1 . . . Sn)] \ Cl(S1, . . . , Sn)l

5 : abst one[[{f1 = S1; . . . , fn = Sn}]] = [{f1 = ✷; . . . , fn = Sn}; . . . ;
6 : {f1 = S1, . . . , fn = ✷}] \ {f1 = S1; . . . ; fn = Sn}
7 : abst one[[match S0 with

8 : |P → S1| . . . |P → Sn]] = [match ✷ with P → S1| . . . |P → Sn;

9 : match S0 with P → ✷| . . . |P → Sn;

10 : match S0 with P → S1| . . . |P → ✷;

11 : ] \ (match S0 with P → S1| . . . |P → Sn)

12 :

13 : search : (slice list ∗ (slice → slice) ∗ (unit → slice)) → slice

14 : (লུ : ֦ுલͱಉ͡)

15 :

16 : get slice : (slice ∗ (slice → slice)) → slice

17 : get slice[[(ClS, cxt)]] = search(abst one[[ClS]], cxt, (fun () → Cl(get slice[[(S, cxt)]])))

18 : get slice[[({f1 = S1;

19 : . . . ; fn = Sn}, cxt)]] = search(abst one[[(S1, S2, . . . , Sn)l]], cxt, (fun () →
19 : let S′

1 = get slice′[[(S1, (fun y → cxt(y, S2, . . . , Sn)l))]] in

20 : let S′
2 = get slice′[[(S2, (fun y → cxt(S′

1, y, . . . , Sn)l))]] in . . .

21 : let S′
n = get slice′[[(Sn, (fun y → cxt(S′

1, S2, . . . , y)l))]] in

22 : (S′
1, S

′
2, . . . , S

′
n)

l)

18 : get slice[[(match S0 with

19 : |P → S1| . . . |P → Sn, cxt)]] = search(abst one[[match S0 with

20 : |P → S1| . . . |P → Sn]], cxt, (fun () →
21 : let S′

0 = get slice′[[(S0, (fun y → cxt(match y with

22 : |P → S1| . . . |P → Sn)))]] in

23 : let S′
1 = get slice′[[(S1, (fun y → cxt(match S′

0 with

24 : |P → y| . . . |P → Sn)))]] in . . .

25 : let S′
n = get slice′[[(Sn, (fun y → cxt(match S′

0 with

26 : |P → y| . . . |P → y)))]] in

27 : match S′
0 with |P → S′

1| . . . |P → S′
n))

28 :

29 : get slice′ = (লུ : ֦ுલͱಉ͡)

ਤ 6: ΤϥʔεϥΠαʢ֦ு෦ʣܕ

3. ධՁ

ຊઅͰܕΤϥʔεϥΠεಋೖʹΑΔޮՌʹͭ

͍ͯɼܕΤϥʔͷݪҼͱͯ͠ಛఆ͞ΕΔՄੑ͕

͋Δߏจͱɼ࣮ࡍͷतۀͰͷϓϩάϥϜʹରͯ͠

ධՁΛ͏ߦɽධՁͷج४ҎԼͷࡾͰ͋Δɽ

• Ͱͷ࣭ճͷมޙΤϥʔεϥΠεಋೖલܕ

ԽʢߏจͷධՁͰɼͯ͢ͷ࣭ʹ y ͱճ

ͨ͠߹ʣ

• ͷ࣭༰͕ඞཁ͔ޙΤϥʔεϥΠεಋೖܕ
Ͳ͏͔͔ݶ࠷ͭ

• ͨͬʹΤϥʔεϥΠεͰநԽ͞Εͣܕ
ใ͕ඞཁ͔ͭ࠷͔ݶͲ͏͔
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3.1 ؔద༻

ԼهͷϓϩάϥϜͱͦͷܕΤϥʔεϥΠεʹͭ

Δɽ͑ߟ͍ͯ

ϓϩάϥϜɿ

(fun x y z -> x + y + z) 1 2.0 3.0

ΤϥʔεϥΠεɿܕ

(fun x y z -> x + y + z) ˘ 2.0 ˘

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 4ճɼಋೖ͕ޙ 2ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

ؔ෦ (fun x y -> x + y + z) ͱ 2 ൪ͷ

Ҿ 2.0 ʹରͯ͠ߦΘΕΔɽܕΤϥʔεϥΠεʹ

Αͬͯܕͷিಥͱؔͳ͍Ҿʹର͢Δ࣭͕

লུ͞Εͨɽͨͩ͠ɼෳͷҾͰܕͷিಥ͕ൃ

ੜ͍ͯ͠Δ߹ʹɼ࠷खલʹݱΕΔͷ͚ͩ

ΓɼͦΕҎ߱શͯলུ͞ΕΔɽ͕

ΤϥʔσόοΨ͕ࣔ͢Τϥʔϝοηʔδɼܕ

ੴҪ [2]ΒʹΑͬͯॳ৺ऀ͚ʹվྑ͞Εͨͷ

ͰɼҎԼͷΑ͏ʹؔ෦ɼશͯͷҾͷܕɼܕ

ͷিಥ͕ൃੜ͍ͯ͠ΔՕॴͰཁ͞ٻΕΔؚ͕ܕ·

ΕΔɽ

Error17 : ͜ͷؔݺͼग़͠ͷ 2 ൪ͷҾ

Ͱ͕ܕ߹͍·ͤΜɽ

ؔɼҾɼ2 ൪ͷҾʹཁ͞ٻΕΔܕҎԼ

ͷ௨ΓͰ͢ɽ

ؔ෦ fun x -> fun y -> fun z ->

(x + y) + zɿ

int -> int -> int -> int

1 ൪ͷҾͷܕɿint

2 ൪ͷҾͷܕɿfloat

3 ൪ͷҾͷܕɿint

2 ൪ͷҾʹཁ͞ٻΕΔܕɿint

Δͱɼ1൪ͷҾ͢༺ΤϥʔεϥΠαΛܕ

ͷ͕ܕ ’a ɼ2 ൪ͷҾͷܕ ͕ ’b ʹஔ͖͑Β

ΕΔɽ͜ΕΒܕΤϥʔεϥΠεΛٻΊΔࡍʹந

Խ͞Εͯɼ˘ʹஔ͖͑ΒΕͨՕॴͰ͋Δɽͦ

ͷͨΊɼܕͷিಥͱؔͳ͍ՕॴͰΑΓҰൠతͳ

ͷܕදࣔ͞ΕΔ͕ɼΤϥʔϝοηʔδʹɼ͕ܕ

িಥʹؔ͋Δࣜͷ͕͋ܕΕेͰ͋Δɽ

ୈ 1અͰྫͱͯࣔͨ͠͠ϓϩάϥϜ͜ͷߏจ

ͷྫʹ֘͢ΔɽܕΤϥʔεϥΠεʹΑ࣭ͬͯ

ճ͕ݮΓɼܕͷিಥͱؔͳ͍Օॴͷ࣭͕

লུ͞ΕΔ͕ɼ˘ͱͳͬͨ෦ͷܕΛදࣔͰ͖ͳ

͘ͳΔɽ

3.2 ίϯετϥΫλ

͋Β͔͡ΊԼهͷΑ͏ͳ͕ܕఆٛ͞Ε͍ͯΔͱ

Ծఆ͢Δɽ

type tree = Empty

| Node of tree * int * tree

ରഅΒͷܕΤϥʔσόοΨͰܕΤϥʔͷݪҼ͕ί

ϯετϥΫλʹ͋Δͱಛఆ͞ΕΔΑ͏ͳϓϩάϥ

ϜɼίϯύΠϥ͕ࣔ͢ΤϥʔʹΑͬͯେ·͔ʹ

ೋ௨Γʹྨ͞ΕͨɽͻͱͭίϯετϥΫλͷ

Ҿͷ͕ఆٛͱҟͳΔ͜ͱ͕ݪҼʹΑΔΤϥʔ

Ͱɼ͜ͷ߹ܕͷিಥ͕ίϯετϥΫλܕͷࣜશ

ମͰൃੜ͢Δɽ͏ͻͱͭίϯετϥΫλͷҾ

ͷఆٛͱಉ͕ͩ͡ɼҾͷ͕ܕఆٛͱҟͳ

Δ͜ͱ͕ݪҼʹΑΔΤϥʔͰɼ͜ͷ߹ܕͷিಥ

ͷࣜͷதͰൃੜ͢ΔɽܕίϯετϥΫλܕ͕

3.2.1 ࣜશମͰͷܕͷিಥ

ԼهͷϓϩάϥϜͱͦͷܕΤϥʔεϥΠεʹͭ

Δɽ͑ߟ͍ͯ

ϓϩάϥϜɿ

Node (Empty, 1, 2, Empty)

ΤϥʔεϥΠεɿܕ

Node (˘, ˘, ˘, ˘)

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 4ճɼಋೖ͕ޙ 0ճͰ͋ΔɽϓϩάϥϜத

ͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋ΔɽܕΤϥʔ

εϥΠεʹΑͬͯ Node ͷͯ͢ͷҾ͕ল͔Ε

ͨͨΊɼ࣭ΛҰͤͣʹܕΤϥʔͷݪҼ͕ಛఆ

͞ΕͨɽܕΤϥʔͷݪҼͰ͋Δͱಛఆ͞Εͨࣜͷ

ҾͷಘΒΕΔ͕ɼ֤ҾͷܕಘΒΕͳ͘

ͳΔɽΤϥʔϝοηʔδʹɼಛఆ͞ΕͨՕॴͰ

ͷ֤Ҿͷܕͱɼఆ্ٛͷ֤ҾͷܕΛؚΉͷ͕

Ͱ͋Δɽྑ࠷

3.2.2 ࣜͷதͰͷܕͷিಥ

ԼهͷϓϩάϥϜͱͦͷܕΤϥʔεϥΠεʹͭ
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Δɽ͑ߟ͍ͯ

ϓϩάϥϜɿ

Node (Empty, true, [])

ΤϥʔεϥΠεɿܕ

Node (˘, true, ˘)

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 3ճɼಋೖ͕ޙ 1ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭ Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭ 2

൪ͷҾ true ʹରͯ͠ߦΘΕΔɽܕΤϥʔε

ϥΠεʹΑͬͯܕͷিಥͱؔͳ͍Ҿʹର͢

Δ࣭͕লུ͞Εͨɽͨͩ͠ɼෳͷҾͰܕͷ

িಥ͕ൃੜ͍ͯ͠Δ߹ʹɼ࠷खલʹݱΕΔ

ͷ͚͕ͩΓɼͦΕҎ߱શͯলུ͞ΕΔɽ͜

ͷྫͰ [] ͕ tree ͷఆٛͱিಥ͍ͯ͠Δ͕ɼܕ

ΤϥʔεϥΠεͰநԽ͞Ε͍ͯΔɽܕΤϥʔ

ͷݪҼͰ͋Δͱಛఆ͞ΕͨՕॴҎ֎ͷܕɼtree

Τϥʔ͕ൃੜ͢ΔҎલʹఆٛ͞Ε͍ͯΔͨܕ͕ܕ

ΊɼΤϥʔϝοηʔδʹఆ্ٛͷҾͷܕΛؚΊ

ΒΕΔ͕ɼܕͷিಥ͕͋ͬͨʹؔΘΒͣநԽ

͞ΕͨՕॴͷܕಘΒΕͳ͘ͳΔɽ͜ͷݱؔ

ద༻ͰݟΒΕͨͷͱಉ༷ͰɼΤϥʔϝοηʔ

δʹɼܕͷিಥʹؔ͋Δࣜͷܕͱఆ্ٛͷ֤

ҾͷܕΛؚΊΕेͰ͋Δɽ

3.3 Ϩίʔυ

͋Β͔͡ΊԼهͷΑ͏ͳ͕ܕఆٛ͞Ε͍ͯΔͱ

Ծఆ͢Δɽ

type diary = {
title : string;

date : int * int * int;

text : string; }
ରഅΒͷܕΤϥʔσόοΨͰܕΤϥʔͷݪҼ͕

Ϩίʔυʹ͋Δͱಛఆ͞ΕΔΑ͏ͳϓϩάϥϜͷ

͏ͪɼϑΟʔϧυͷͱͦΕͧΕͷ໊લͯ͢

ਖ਼͍͕͠ɼཁૉͷ͕ܕఆٛͱҟͳΔ͜ͱ͕ݪҼʹ

ΑΔΤϥʔʢܕͷিಥ͕ࣜͷதͰൃੜ͢Δ߹ʣͷ

ΈΛରͱ͢Δɽ

ԼهͷϓϩάϥϜͱͦͷܕΤϥʔεϥΠεʹͭ

Δɽ͑ߟ͍ͯ

ϓϩάϥϜɿ

{title = "abc";

date = 2017;

text = None; }
ΤϥʔεϥΠεɿܕ

{title = ˘;

date = 2017;

text = ˘; }

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 3ճɼಋೖ͕ޙ 1ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

ϑΟʔϧυ date ͷཁૉ 2017 ʹରͯ͠ߦΘΕΔɽ

ͳ͍ͷিಥͱؔܕΤϥʔεϥΠεʹΑͬͯܕ

ཁૉʹର͢Δ࣭͕লུ͞Εͨɽͨͩ͠ɼෳͷ

ཁૉͰܕͷিಥ͕ൃੜ͍ͯ͠Δ߹ʹɼ࠷ख

લʹݱΕΔͷ͚͕ͩΓɼͦΕҎ߱શͯলུ

͞ΕΔɽ͜ͷྫͰ None ͕ diary ͷఆٛͱিಥ

͍ͯ͠Δ͕ɼܕΤϥʔεϥΠεͰநԽ͞Εͯ

͍ΔɽܕΤϥʔͷݪҼͰ͋Δͱಛఆ͞ΕͨՕॴͷ

ҾҎ֎ͷܕɼdiary Τϥʔ͕ൃੜ͢Δܕ͕ܕ

Ҏલʹఆٛ͞Ε͍ͯΔͨΊɼఆ্ٛͷҾͷܕ

ಘΒΕΔ͕ɼܕͷিಥ͕͋ͬͨʹؔΘΒͣলུ

͞ΕͨՕॴͷܕಘΒΕͳ͘ͳΔɽ͜ͷݱؔ

ద༻ͰݟΒΕͨͷͱಉ༷ͰɼΤϥʔϝοηʔ

δʹɼܕͷিಥʹؔ͋Δࣜͷܕͱఆ্ٛͷ֤

ཁૉͷܕΛؚΊΕेͰ͋Δɽ

3.4 ύλʔϯϚον

ରഅΒͷܕΤϥʔσόοΨͰɼ͕ܕিಥ͢Δ

ՕॴʹΑͬͯύλʔϯϚον͕ݪҼͷΤϥʔΛෳ

ʹ͚͍ͯΔɽ͜͜Ͱɼܕͷিಥ͕ൃੜͯ͠

͍ΔՕॴʹΑͬͯ

• ύλʔϯϚονΛ͢Δࣜͱύλʔϯ
• ύλʔϯಉ࢜
• ύλʔϯϚονͷ݁Ռಉ࢜
ͷࡾ௨ΓΛରͱ͠ɼ͜ΕΒΛύλʔϯͷࣜʹ

Αͬͯ

• શͯఆ
• ఆҎ֎ΛؚΉ
ͷೋ௨Γʹ͚ͯධՁΛ͏ߦɽ
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3.4.1 ύλʔϯϚονΛ͢ΔࣜͱύλʔϯͰͷܕ

ͷিಥ

·ͣɼશͯͷύλʔϯ͕ఆͰ͋ΔԼهͷϓϩ

άϥϜͱͦͷܕΤϥʔεϥΠεʹ͍ͭͯ͑ߟΔɽ

ϓϩάϥϜɿ

let x = 1.0 in

match x with

| 1 -> 1.0 | 2 -> 2.0 | 3 -> 3.0

| _ -> raise Not found

ΤϥʔεϥΠεɿܕ

let x = 1.0 in

match x with

| 1 -> ˘ | 2 -> ˘ | 3 -> ˘

| _ -> ˘

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 4ճɼಋೖ͕ޙ 1ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

ύλʔϯϚονΛ͢Δࣜ x ʹରͯ͠ߦΘΕΔɽܕ

ΤϥʔεϥΠεʹΑͬͯܕͷিಥͱؔͳ͍શ

ͯͷύλʔϯͷ݁Ռʹର͢Δ࣭͕লུ͞Εͨɽ

ύλʔϯͷ݁ՌܕͷিಥͱແؔͳͷͰɼͦ

ͦΤϥʔϝοηʔδʹؚ·Ε͍ͯͳ͍ɽ

ͷϓϩάهɼύλʔϯʹఆҎ֎ΛؚΉԼʹ࣍

ϥϜͱͦͷܕΤϥʔεϥΠεʹ͍ͭͯ͑ߟΔɽ

ϓϩάϥϜɿ

let lst = 0 in

match lst with

[] -> false

| first :: rest -> true

ΤϥʔεϥΠεɿܕ

let lst = 0 in

match lst with

[] -> ˘

| first :: rest -> ˘

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 4ճɼಋೖ͕ޙ 2ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

ύλʔϯϚονΛ͢Δࣜ lst ͱύλʔϯʹ͋Δม

 rest ΘΕΔɽ͜ͷϓϩάϥϜͰߦ͍ͯͭʹ

ύλʔϯͷ͕ܕ ’a list ͱͳΓɼϦετͷཁૉͷ

ԿͰྑ͍ͷͰܕ first ʹର͢Δ࣭ߦΘ

Εͳ͍ɽܕΤϥʔεϥΠεʹΑͬͯશͯͷύλʔ

ϯϚονͷ݁Ռ͕লུ͞Ε͕ͨɼύλʔϯʹର͢

Δ࣭লུ͞Εͣʹ͍ͯͬΔɽܕΤϥʔͷݪ

Ҽͷಛఆʹɼfirst :: rest ͱ͍͏ύλʔϯ͕

’a list Ͱ͋Δͱ͍͏ใ͕͋ΕेͳͷͰɼܕ

͜ͷϓϩάϥϜͰύλʔϯʹର͢Δ࣭͕ߦΘ

Εͳ͍ͷ͕ྑ࠷Ͱ͋Δɽ

Ҏ্ΑΓɼࣜʹରͯ͠ܕΤϥʔεϥΠεʹΑ

ΔޮՌ͕ݟΒΕ͕ͨɼύλʔϯʹରͯ͠ແବ͕

Δͱ͍͑Δɽ͍ͯͬ

3.4.2 ύλʔϯಉ࢜Ͱͷܕͷিಥ

·ͣɼશͯͷύλʔϯ͕ఆͰ͋ΔԼهͷϓϩ

άϥϜͱͦͷܕΤϥʔεϥΠεʹ͍ͭͯ͑ߟΔɽ

ϓϩάϥϜɿ

let x = 1 in

match x with

| 1 -> 1.0 | 2 -> 2.0 | 3.0 -> 3.0

| _ -> raise Not found

ΤϥʔεϥΠεɿܕ

let x = ˘ in

match ˘ with

| 1 -> ˘ | 2 -> ˘ | 3.0 -> ˘

| _ -> ˘

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 3ճɼಋೖ͕ޙ 0ճͰ͋ΔɽϓϩάϥϜத

ͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋ΔɽܕΤϥʔ

εϥΠεʹΑͬͯϓϩάϥϜதͷࣜશ͕ͯল͔Ε

ͨͨΊɼ࣭ΛҰͤͣʹܕΤϥʔͷݪҼ͕ಛఆ

͞ΕΔɽܕΤϥʔεϥΠεͷಋೖલޙͰϝοηʔ

δͷมԽݟΒΕͣɼύλʔϯϚον͢Δࣜͱύ

λʔϯͷ݁ՌܕͷিಥͱແؔͳͷͰɼͦ

ͦΤϥʔϝοηʔδʹؚ·Ε͍ͯͳ͍ɽ

ͷϓϩάهɼύλʔϯʹఆҎ֎ΛؚΉԼʹ࣍

ϥϜͱͦͷܕΤϥʔεϥΠεʹ͍ͭͯ͑ߟΔɽ
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ϓϩάϥϜɿ

let find d = match d with

None -> false

|{title = a; date = b; text = c} -> true

ΤϥʔεϥΠεɿܕ

let find d = match ˘ with

None -> ˘

|{title = a; date = b; text = c} -> ˘

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 5ճɼಋೖ͕ޙ 3ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

ύλʔϯʹ͋Δ֤ม a, b, c ΘΕߦ͍ͯͭʹ

ΔɽܕΤϥʔεϥΠεʹΑͬͯϓϩάϥϜதͷࣜ

શ͕ͯলུ͞Ε͕ͨɼఆͰͳ͍ύλʔϯʹର͢

Δ࣭লུ͞Εͣʹ͍ͯͬΔɽܕΤϥʔͷݪ

Ҽͷಛఆʹɼͦͷύλʔϯ͕ diary Ͱ͋Δͱܕ

͍͏ใ͕͋ΕेͳͷͰɼ͜ͷϓϩάϥϜͰ

ύλʔϯʹର͢Δ࣭͕ߦΘΕͳ͍ͷ͕దͰ

͋Δɽ

Ҏ্ΑΓɼࣜʹରͯ͠ܕΤϥʔεϥΠεʹΑ

ΔޮՌ͕ݟΒΕ͕ͨɼύλʔϯʹରͯ͠ແବ͕

Δͱ͍͑Δɽ͍ͯͬ

3.4.3 ύλʔϯϚονͷ݁Ռಉ࢜Ͱͷܕͷিಥ

·ͣɼԼهͷͯ͢ͷύλʔϯ͕ఆͰ͋Δϓ

ϩάϥϜͱͦͷܕΤϥʔεϥΠεʹ͍ͭͯ͑ߟΔɽ

ϓϩάϥϜɿ

let x = 1 in

match x with

| 1 -> 1.0 | 2 -> 2.0 | 3 -> 3.0

| _ -> Not found

ΤϥʔεϥΠεɿܕ

let x = ˘ in

match ˘ with

| 1 -> 1.0 | 2 -> ˘ | 3 -> ˘

| _ -> Not found

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 4ճɼಋೖ͕ޙ 2ճͰ͋ΔɽϓϩάϥϜ

தͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

͡Ίͷύλʔϯͷ݁Ռ 1.0 ͱܕͷিಥ͕ൃੜ͠

ͨύλʔϯϚονͷ݁Ռ Not_found ʹରͯ͠ߦΘ

ΕΔɽܕΤϥʔεϥΠεʹΑͬͯܕͷিಥͱؔ

ͳ͍ύλʔϯϚον͢ΔࣜͱύλʔϯϚονͷ

݁Ռʹର͢Δ࣭͕লུ͞ΕΔɽܕΤϥʔεϥΠ

εͷಋೖલޙͰϝοηʔδͷมԽݟΒΕͣɼΤ

ϥʔϝοηʔδʹলུ͞Εͣʹͨͬ 2ͭͷܕ

ؚ͕·ΕΔɽ

ͷύλʔϯʹఆҎ֎ΛؚΉϓϩάهɼԼʹ࣍

ϥϜͱͦͷܕΤϥʔεϥΠεʹ͍ͭͯ͑ߟΔɽ

ϓϩάϥϜɿ

let tmp t = match t with

| Node (Empty, n1, r1) -> 0

| Node (l2, n2, Empty) -> 1

| Node (l3, n3, r3) -> 2

| Empty -> Not found

ΤϥʔεϥΠεɿܕ

let tmp t = match ˘ with

| Node (Empty, n1, r1) -> 0

| Node (l2, n2, Empty) -> ˘

| Node (l3, n3, r3) -> ˘

| Empty -> Not found

͜ͷϓϩάϥϜͷ࣭ճܕΤϥʔεϥΠε

ಋೖલ͕ 11 ճɼಋೖ͕ޙ 9ճͰ͋Δɽϓϩάϥ

ϜதͷԼઢɼ࣭Ͱฉ͔ΕΔՕॴͰ͋Δɽ࣭

ύλʔϯʹؚ·ΕΔ֤มͱɼύλʔϯϚον

ͷ݁Ռͷ͏ͪ 0 ͱ Not_found ʹରͯ͠ߦΘΕΔɽ

ͳ͍ͷিಥͱؔܕΤϥʔεϥΠεʹΑͬͯܕ

ύλʔϯϚον͢ΔࣜͱύλʔϯϚονͷ݁Ռ͕

লུ͞Ε͕ͨɼఆͰͳ͍ύλʔϯʹର͢Δ࣭

লུ͞Εͣʹ͍ͯͬΔɽશͯͷύλʔϯ͕ܕ

ͷিಥͱؔͳ͍ͷͰɼ͜ͷϓϩάϥϜͰύ

λʔϯʹର͢Δ࣭͕ߦΘΕͳ͍ͷ͕ྑ࠷Ͱ͋Δɽ

Ҏ্ΑΓɼࣜʹରͯ͠ܕΤϥʔεϥΠεʹΑ

ΔޮՌ͕ݟΒΕ͕ͨɼύλʔϯʹରͯ͠ແବ͕

Δͱ͍͑Δɽ͍ͯͬ

3.5 तۀͰͷϓϩάϥϜͷྫ

ԼهͷϓϩάϥϜͱͦͷܕΤϥʔεϥΠεʹ

ʹࡍͰ࣮ۀͷतޠݴܕΔɽ͜Εؔ͑ߟ͍ͯͭ

ֶੜ͕ॻ͍ͨϓϩάϥϜͰ͋ΔɽܕΤϥʔ͕ൃੜ
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ܕΔͨΊɼ͢ࢭΛఀߦͰϓϩάϥϜͷ࣮࣌ͨ͠

ΤϥʔεϥΠεʹ test2 ͱ test3 ؚ͕·Ε͍ͯ

ͳ͍ɽ

ϓϩάϥϜɿ

(* తɿೋํ࣍ఔࣜͷΛ༩͑ΒΕͨΒɼ

ผࣜͷΛฦ͢ *)

(* hannbetsusiki :

int -> int -> int -> int *)

let hannbetsusiki a b c = b*b-4*a*c

(* ςετ *)

let test1 = hannbetsusiki 1 2 3 = (-8)

let test2 = hannbetsusiki 2 4 5 = (-24)

let test3 = hannbetsusiki 1 5 2 = 17

(* తɿೋํ࣍ఔࣜͷΛ༩͑ΒΕͨΒɼղ

ͷݸΛฦ͢ *)

(* kai no kosuu :

int -> int -> int -> int *)

let kai no kosuu a b c =

if hannbetsusiki a b c > 0 then "2"

else if hannbetsusiki a b c < 0

then "0" else "1"

(* ςετ *)

let test1 = kai no kosuu 1 2 3 = 0

let test2 = kai no kosuu 1 4 4 = 1

let test3 = kai no kosuu 1 5 2 = 2

ΤϥʔεϥΠεɿܕ

let hannbetsusiki a b c = ˘

let test1 = ˘

let test2 = ˘

let test3 = ˘

let kai no kosuu a b c =

if ˘ then ˘

else if ˘

then ˘ else "1"

let test1 = kai no kosuu ˘ ˘ ˘ = 0

͜ͷ࣌ɼOCaml ͷίϯύΠϥҎԼͷΑ͏ͳΤ

ϥʔϝοηʔδΛࣔ͠ɼ2 ʹ string ͞ظ͕ܕ

Ε͕ͨɼ2 ࣗମ int ܕఠ͍ͯ͠ΔɽࢦͰ͋Δͱܕ

ͷিಥɼ= ࠨӈͰҾͷ͕ܕಉҰͰͳΒͳ͚

ΕͳΒͳ͍ͱ੍͢ڧΔ͜ͱʹΑΓൃੜ͢Δɽ

let test1 = kai no kosuu 1 2 3 = 0

Error: This expression has type int but

an expression was expected of type

string

͜ͷϓϩάϥϜͰɼܕΤϥʔεϥΠεಋೖલ

ΒΕͨɽݟͰҎԼͷΑ͏ͳมԽ͕ޙ

• kai_no_kosuu ͕ string Λฦؔͩ͢ͱҙܕ

ਤ͍ͯ͠ͳ͍߹ɼ֤Ҿʹର͢Δ࣭͕ল

ུ͞ΕΔɽ

• kai_no_kosuu ͷఆٛͰɼ֤Ҿͷܕʹର͢

Δ࣭͕লུ͞ΕΔɽ

• if จͷ݅෦ͱ then ෦ͷࣜʹର͢Δ࣭

͕লུ͞ΕΔɽ

ؔద༻ kai_no_kosuu 1 2 3 ܕͷিಥʹؔ

Τϥʔͳ͍ɽͦͷͨܕʹΔ͕ɼͦͷࣜࣗମ͋

Ίɼؔ ͕࠷ऴతʹฦ͢ܕ͞ΕΔ͕ɼҾந

ԽͷରͱͳΓɼkai_no_kosuu ͕ΑΓҰൠత

ͳܕͱͳΔɽkai_no_kosuuͷఆٛͰɼifจͷ

݅෦ܕͷিಥͱ͕ؔͳ͘ɼ݅෦શମ

͕நԽ͞ΕΔͷͰɼhannbetsusiki શମ͕ந

Խ͞ΕΔɽ·ͨɼtest1 ͷఆٛʹΑͬͯ then ෦

ͷࣜΛநԽͯ͠ܕΤϥʔʹͳΔͷͰɼthen

෦ͷࣜநԽͷରͱͳΔɽ= Ͱ࣭͕ল

ུ͞Εͳ͔͕ͬͨɼೋͭͷҾͷܕଟ૬͕ͩಉ

ҰͰͳ͚ΕͳΒͳ͍ͱ͍͏੍ʹΑͬͯநԽ

Ͱ͖ͳ͔͕ͬͨɼ݁Ռͱͯ͠ਖ਼͍͠ɽ

Ҏ্ΑΓɼܕΤϥʔεϥΠεಋೖʹΑΔޮՌ

֬ೝͰ͖͕ͨɼkai_no_kosuu ͷ֤ҾͷܕΛද

ࣔͰ͖ͳ͘ͳΔͰ͋Δɽ

4. ·ͱΊ

ຊจͰରഅΒ [4]ͷܕΤϥʔεϥΠαͷߏจ

ΛίϯετϥΫλɼϨίʔυɼύλʔϯϚονͰ֦

ுࢠɼ࣮Λͨͬߦɽ͜ΕʹΑΔར࣭ճ

ͷݮͰ͋Δɽܕͷিಥ͕ൃੜ͢ΔՄੑ͕͋Δ

શͯͷߏจͰɼܕΤϥʔεϥΠεಋೖʹΑΔޮՌ
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͕ಘΒΕͨɽҰํɼ࣭ൣғ͕͞ݮΕ͕ͯܕΑ

ΓҰൠతʹͳͬͨ͜ͱͰɼΤϥʔϝοηʔδͷද

ࣔʹෆ߹͕ੜ͡Δ߹͕͋ͬͨɽ͜ͷݱओ

ʹෳͷҾΛऔΔߏจͰݟΒΕΔɽ·ͨɼܕΤ

ϥʔεϥΠεͷରͱͳΔߏจɼ࣌ݱͰࣜ

ͷΈͰɼύλʔϯؚ·Ε͍ͯͳ͍ɽͦͷͨΊɼύ

λʔϯϚονͰύλʔϯʹର͢Δ࣭͕͞ݮ

Εͣɼແବͳ࣭͕ଟ͍ͯͬ͘Δ߹͕͋ͬͨɽ

͕ܕΒΕΔɽͻͱͭɼ͛ڍͷ՝ೋޙࠓ

ΑΓҰൠతʹͳͬͨ͜ͱʹΑΔෆ߹ͷղফͰ͋

ΔɽҰൠతʹख़࿅ऀଟ૬Λཧղ͍ͯ͠ΔͨΊɼ

ΑΓҰൠతͳܕΛͯͤݟͳ͍͕ɼॳ৺ऀͷ

ͨΊʹରԠ͕ඞཁͱͳΔɽ͜ΕʹҰ෦ͷܕ

ใΛ࠷··ͨ͠খͰͳ͍ܕΤϥʔεϥΠεΛ

͖͢ʹΒΕɼநԽ͞Εͣ͑ߟΔ͜ͱ͕࡞

ॴʹ͍ͭͯͷ͕ߟඞཁͱͳΔɽ͏ͻͱͭɼ

ΤϥʔεϥΠαͷύλʔϯͷରԠͰ͋Δɽύܕ

λʔϯنܕଇΛͭ࣋ͱಉ࣌ʹଋറͰ͋ΔͨΊɼ

ࣜͷΑ͏ʹ୯७ʹ˘ʹஔ͖͑Δ͜ͱ͕Ͱ͖ͳ͍ɽ

͜ΕʹύλʔϯΛղͯ͠ɼ੍ܕΛ֎ͯ͠ଋ

റ͚ͩΛ͢ॲཧ͕ඞཁʹͳΔɽ

ݙจߟࢀ
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