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 IFN-H (Improving Floating-Point Numbers Library

for Haskell) Λ։ൃ͍ͯ͠Δ [1]ɽIFN-HɼϢʔβʹਫ਼

อূ੍ޚͷৄࡉΛҙࣝͤ͞Δ͜ͱͳ͘ɼҙͷࣜʹର

ͯ͠ඞཁͳਫ਼ͰͷࢉܭΛ͜͏ߦͱΛՄʹ͍ͯ͠Δɽ

ຊڀݚͰɼIFN-HϥΠϒϥϦͷϝϞϦ༻ޮ্

ʹΑΔߴԽΛඪͱ͠ɼهԱྖҬཧΛ HaskellͰͷ

Έهड़͢ΔํࣜͰͷ IFN-HϥΠϒϥϦͷઃܭͱ࣮Λ

Ͱɼ͍͔ͭ͘ͷ࣮ଌ݁Ռʹ͍ͭͯड़ɼߘͳͬͨɽຊߦ

՝Λཧ͢Δɽ

2 ࣮ࢉܭϥΠϒϥϦ IFN-H
2.1 ුಈখԋࢉͷ
ίϯϐϡʔλΛ༻͍࣮ͨࢉܭɼҰൠతʹ IEEE754

ΘΕΔɽුಈখߦ͍ͯ༺Λݱಈখදුͮ͘جʹ֨ن

ԋࢉͷࢉܭॲཧߴͰ͋Δ͕ɼؙΊࠩޡܻམͪ

ʹΑΓਫ਼ͷ͍ߴԋ݁ࢉՌಘΒΕΔͱݶΒͳ͍ (ਤ

1)ɽ͞ΒʹɼϢʔβ͕ԋ݁ࢉՌͷਫ਼Λ͔֬ΊΔ͜ͱ

͍͠ɽ ͜ΕΒΛղܾ͢ΔҊͱͯ͠ɼΦϖϥϯυ

HilberྻߦHɿhij =
1

i+j−1 Ͱఆٛ͞ΕΔਖ਼ํྻߦɽ

Hx = bɼɹ b = (1, 0, · · · , 0)T

H ͷαΠζ͕ n = 36ͷͱ͖ɼɹɹɹɹɹɹɹɹɹɹ

ഒਫ਼ԋ݁ࢉՌ ... x̃36 = 6.885728522654156× 109ɹ

ਖ਼֬ͳԋ݁ࢉՌ ... x36 = −7965225724983062025672

ਤ 1: Hilbert ࠩޡఔࣜͷղͷํ࣍ͱ͢Δ࿈ཱҰΛྻߦ

ͷԾ෦Λ͘͢Δํ๏ɼ۠ؒԋࢉΛ༻͍Δํ๏͕

͋ΔɽଟഒුಈখԋࢉϥΠϒϥϦ MPFR (GNU

Multiple Precision Floating-Point Reliable Library) [2]

ҙͷԾ෦Λͭ࣋͜ͱ͕Ͱ͖Δ͕ɼϢʔβ͕ඞཁͱ

ͳΔޠௐΛ༧ଌ͢Δ͜ͱ͍͠ɽ·ͨɼ۠ ؒԋࢉϥΠϒ

ϥϦMPFI (Multiple Precision Floating-Point Interval

Library) [3]ɼΛ্ݶͱԼ͔ݶΒͳΔ۠ؒͰද͢ɽ

͔͠͠ɼϢʔβ͕ٻΊΔਫ਼Ͱͷ݁Ռ͕ࣗಈతʹಘΒΕ

ΔΘ͚Ͱͳ͍ɽ

2.2 IFNɼٴͼ IFN-Hͷ֓ཁͱߏ
զʑਫ਼อূ͖ͷ࣮ࢉܭΛ͏ߦ HaskellϥΠϒ

ϥϦɼIFN-HΛ։ൃ͍ͯ͠ΔɽIFN-HϥΠϒϥϦɼଟ
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ഒුಈখදݱͱͦͷ্ͰͷԋࢉΛϕʔεͱͭͭ͠ɼ

ʹΕΔਫ਼͞ٻͱɼཁػՌͷਖ਼֬͞ͷѲ݁ࢉज़ԋࢉ

ୡ͢Δ·Ͱࢉܭ࠶Λ෮͢ΔػʹΑΓɼҙͷܭ

ࢉܭΔਫ਼Ͱͷ͢ٻϓϩάϥϜʹରͯ͠ɼϢʔβͷཁࢉ

݁Ռͷಋग़ΛՄʹ͢Δɽ

ҎԼɼIFN-Hʹ͓͚Δਫ਼อূ͖ͷσʔλܕΛ

QͱݺͼɼQಉ࢜ͷԋࢉΛQ ԋࢉͱݺͿɽQ࣮ͱͷ

ݱΛදͨ͠ਫ਼อূ͖ͷුಈখදͳରԠؔີݫ

Ͱɼ࣮ͷଘൣࡏғΛ͍ࣔͯ͠ΔɽQԋࢉɼMPFRΛ

༻͍࣮͍ͯͯ͠ΔɽIFN-HϥΠϒϥϦͷ֊Λਤ 2(a)

ʹࣔ͢ɽ

ਤ 2: IFN ϥΠϒϥϦͷ֊
[നɿHaskell ϥΠϒϥϦɼփɿC ϥΠϒϥϦ]

3 IFN-HͷߴԽ
IFN-H ͷ՝ͷҰͭͦͷߴԽͰ͋ΔɽΦϦδφ

ϧͷ IFN-HMPFRʹࣜํͮ͘جΛऔ͍͕ͬͯͨʢਤ

2(a)ʣ[1]ɼਫ਼ใ͖ͷදݱͰ͋ΔMPFIΛಋೖ

͢Δ͜ͱʹΑΓɼCޠݴ൛ͷ࣮ʢIFN-Cɼਤ 2(b)(c)ʣ

ʹରͯ͠ߴԽͷݕ౼͕ͳ͞Ε͍ͯΔ [4]ɽ͔͠͠ͳ͕Βɼ

ԆධՁΛ༗ޮޚ੍ࢉܭ࠶ͯ͠༺׆Λ HaskellͰ؆ܿʹ

ड़ͨ͠ه Haskell൛ʢIFN-Hʣ Cޠݴ෦ͱͷؒͰͷϝ

ϞϦཧͷͨΊͷ࿈ܞͷ࣮͕ࡶͰɼվળͷ༨͕ݟ

ΒΕΔɽ

ຊڀݚͰɼMPFIͷHaskellόΠϯσΟϯά hmpfi[5]

Λಋೖ͢Δ͜ͱͰɼHaskellϥΠϒϥϦͱ CϥΠϒϥϦ

ͷͦΕͧΕͰߦΘΕ͍ͯͨಈతͳϝϞϦͷ֬อͱղ์Λɼ

શͯHaskellͷϝϞϦཧ͕ߏػ୲͏ IFN-HϥΠϒϥϦ

ͷઃܭͱ࣮ΛߦͳͬͨɽhmpfiΛಋೖͨ͠ IFN-HΛɼ

IFN-hmpfiͱݺͿ͜ͱʹ͢Δɽਤ 2(d) ʹ IFN-hmpfiͷ

֊Λࣔ͢ɽ

4 Ռ݁ݧ࣮
4.1 ڥݧ࣮
ͷ௨ΓͰ͋ΔɿIntel࣍ڥݧ࣮ Core i7ɼmacOS

Sierra 10.12.1ɼϝϞϦ 8GBɼMPFR 3.1.4ɼMPFI 1.5.1ɼ

Apple LLVM version 8.0.0 (-O)ɼGHC 8.0.2ɽ
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ॲཧΛൺֱ͢Δʹ͋ͨͬͯɼCϥΠϒϥϦͷϝϞ

Ϧཧද 1ͷ௨Γ 2ͭͷํ๏Λ༻͍ͨɽ

ද 1: CϥΠϒϥϦͷϝϞϦཧํ๏ͱಛ
ํ๏ 1 malloc/freeͰهड़

ํ๏ 2 ϢʔβʹΑΔॳظઃఆ͕ඞཁ (MYMALLOC)

ҎԼͰɼද 1ͷख๏ʹରͯ͠ IFN-hmpfi ͕Ͳͷఔ

ͷੑͰ͋Δ͔Λൺֱ͢Δɽ

4.2 ධՁ 1ɿՃݮআࢉͷੑ

ද 2: ʢඵʣؒ࣌ߦʢ1ສճ෮ʣʹཁ͢Δ࣮ࢉଇԋ࢛
ํ๏̍ IFN-hmpfi

Ճࢉ 0.269058 0.240104

ࢉݮ 0.252423 0.237593

ࢉ 32.395442 31.930486

আࢉ 0.252423 0.217424

ද 1ͷ͏ͪɼํ๏ 1ͱ IFN-hmpfiʹରͯ͠ɼ࢛ଇԋࢉ

Λ 1ສճ܁Γฦͨ݁͠ՌΛද 2ʹࣔ͢ɽද 2ʹࣔ͞ΕΔ

௨ΓɼhmpfiΛ༻͍ͨ IFN-Hͷ࣮ɼ࢛ଇԋࢉͷ࣮ߦ

ʹཁ͢Δؒ࣌ͷॖʹ༗ޮͰ͋Δͱ͍͑ͦ͏Ͱ͋Δɽ

4.3 ධՁ 2ɿΞϓϦέʔγϣϯͷॲཧ
HaskellͰهड़͞Εͨ 3ͭͷΞϓϦέʔγϣϯͷ࣮ଌ

݁ՌΛࣔ͢ɽΞϓϦέʔγϣϯਤ 3ʹࣔ͢௨ΓͰ͋Δɽ

ද 3: ΞϓϦέʔγϣϯͨ͠༺

 A

Hilbert ͱ͢ΔΛྻߦ
࿈ཱҰํ࣍ఔࣜͷ LU ղʹΑΔٻղ

hij =
1

i+j−1ɼHx = LUx = bUx = yLy = b

 B

Muller ͷྻͷࢉܭ

a0 = 11
2 ɼa1 = 61

11ɼan+1 = 111− 1130−3000/an−1

an
ɼ

limn→∞ an = 6

 C
Logistic ࣸ૾ͷࢉܭ

xn = axn−1(1− xn−1)

࣮ଌ݁ՌΛͦΕͧΕਤ 3ɼਤ 4ɼਤ 5ʹࣔ͢ɽԣ࣠

αΠζɼॎ࣮࣠ߦʹཁͨؒ࣌͠ ʢඵʣɼਤ 3ͷԣ

࣠ఈΛ 2ͱͨ͠ରɼਤ 4ͱਤ 5ͷԣ࣠ఈΛ 10

ͱͨ͠ରͰ͋Δɽ

IFN-hmpfiͷࢉܭํ๏ ͼํ๏ٴ1 2ʹൺɼ

্͕ୡ͞Εͨͱ͍ݴ͍ͱ͍͑Δɽ

5 ·ͱΊ
hmpfiΛ༻͍ͨ IFN-Hͷ࣮ɼݸʑͷԋࢉॲཧͷߴ

Խʹ༗ޮͰ͋Δͱݟड͚ΒΕΔ͕ɼೖΓΜͩࣜ

ͷࢉܭͷن͕େ͖͍߹ʹɼطଘͷํ๏ʢํ

๏ 1ํ๏ 2ʣΑΓߴԽͰ͖Δͱ͏ͦ͑ݴʹແ͍

͜ͱ͕Θ͔ͬͨɽIFN-Hͷ্ͷͨΊʹɼࢉܭ࠶

ΞϧΰϦζϜࣗମʹର͢Δվળ͕ඞཁͩͱ͑ߟΒΕΔɽ
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ਤ 3:  A: ઢํܗఔࣜͷٻղ
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ਤ 4:  B: Mullerͷྻͷࢉܭ
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ਤ 5:  CɿLogisticࣸ૾ͷࢉܭ
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