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զʑ͸࣮࣌ߦίʔυੜ੒΍ฒྻԽΛ༻͍ͨߴ଎ͳਖ਼نදݱΤϯδϯΛ࣮૷͠, ֎෦ϓϩάϥϜ͔Β
ར༻ՄೳͳϥΠϒϥϦͱͯ͠ Regen Λ։ൃ͍ͯ͠Δ. ਖ਼نදݱΤϯδϯɾϥΠϒϥϦ͸਺ଟ͘ͷط
ଘ࣮૷͕͋Δ͕, ͦΕΒ͸࣮૷ํ๏΍ੑೳ͕େ͖͘ҟͳΔ. ຊ࿦จͰ͸ Regenʹ͓͚Δઃํܭ਑΍ಛ
௕Λ঺հ͠, .ଘ࣮૷ͱͷҧ͍Λઆ໌͢Δط ·ͨ, ଎ͳߴʹଘ࣮૷ͷதͰಛط Google RE2 ͱͷൺֱ
Λݩʹੑೳʹؔ͢Δ࡯ߟΛߦͳͬͨ.

Dynamic Code Generation and Parallelization for High-speed Regular Expression Matching

RYOMA SHINYA ,† SHIGEO MITSUNARI ††

and MASATAKA SASSA†

In this paper, we introduce a fast regular expression library Regen. Our library uses dy-
namic code generation and parallelization to achieve efficient pattern matching. We describe
of the design of Regen, and compare with proposed methods of existing implementations.
Furthermore, we discuss the performance with Google RE2.

1. ͸ ͡ Ί ʹ

ਖ਼نදݱ͸ςΩετॲཧ΍ύέοτϑΟϧλϦϯά

౳ଟ͘ͷ৔Ͱ׆༻͞Ε͓ͯΓ, දنΔਖ਼͢ڙೳΛఏػ

.ϥΠϒϥϦͷੑೳ͸ॏཁͰ͋Δݱ ن਺ଟ͘ͷਖ਼ࡏݱ

දݱϥΠϒϥϦ΍ϓϩάϥϛϯάޠݴ૊ΈࠐΈͷਖ਼ن

දݱΤϯδϯͷ࣮૷͕͋Δ͕, ͦΕΒ͸࣮૷ํ๏΍ੑ

ೳ͕େ͖͘ҟͳ͓ͬͯΓ௕ॴ/୹ॴΛซ͍ͤ࣋ͬͯΔ.

Ұํզʑͷ։ൃ͍ͯ͠ΔRegen2)͸Ϛονϯά଎౓ʹ

ಛԽͨ͠Φʔϓϯιʔεͳਖ਼نදݱϥΠϒϥϦͰ͋Γ,

଎Խख๏ͱͯ͠ಈతͳίʔυੜ੒ͱߴଘ࣮૷ʹແ͍ط

ฒྻϚονϯάΛ࣮૷͍ͯ͠Δ1). ຊ࿦จͰ͸·ͣਖ਼

,ͱΤϯδϯͷ࣮૷ํ๏ʹ͍ͭͯઆ໌͠ݱදن Regen

ͷઃํܭ਑ͱಛ௕Λ঺հ͢Δ. ͞Βʹ, ଘ࣮૷ͷதط

Ͱಛʹߴ଎ͳGoogle RE25) ͱͷൺֱΛ࡯ߟͨ͠ʹݩ

Λͨͬߦ. .ͷํ਑Λ·ͱΊΔޙࠓ՝୊΍ʹޙ࠷

ຊ࿦จ͸೔ຊιϑτ΢ΣΞՊֶେձͰൃදͨ͠ख

๏1) Λ࣮૷ͨ͠ਖ਼نදݱϥΠϒϥϦ Regenͷղઆ࿦

จͰ͋Δ.
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2. ਖ਼ ن ද ݱ

ਖ਼نදݱ͸ޠݴࣜܗཧ࿦Ͱಋೖ͞Εͨจ๏Ͱ, ࢉܭ

ཧ࿦ʹ͓͚ΔΦʔτϚτϯͱਂؔ͘࿈͍ͯ͠Δ. ຊ࿦

จٴͼ Regen Ͱର৅ͱ͢Δਖ਼نදݱͷఆٛ͸౳Ձͳ

༗ݶΦʔτϚτϯ͕ߏ੒Մೳͳ΋ͷΛ͠ࢦ, ʹຊతج

ҎԼͷจ๏ʹΑͬͯهड़͞ΕΔ.

ਖ਼نදݱ r = ε ۭจࣈ

| c จࣈ

| rr ࿈઀

| r|r ू߹࿨

| r∗ ดแ

ਖ਼نදݱʹ͓͚ΔύλʔϯϚονϯά͸, ਖ਼نදݱ

͔Β౳Ձͳ༗ݶΦʔτϚτϯΛߏ੒͢Δ͜ͱʹΑͬͯ

.(ͱ͕Ͱ͖Δ3),4͜͏ߦ ༗ݶΦʔτϚτϯͱ͸༗ݸݶ

ͷঢ়ଶͰߏ੒͞Ε, ೖྗΛ 1จࣈಡΈ࣍ͷঢ়ଶʹભҠ

ʢঢ়ଶભҠʣ͢Δ͜ͱΛ܁Γฦ͢. จྻࣈΛಡΈऴ͑

ͨ࣌఺Ͱडཧঢ়ଶͰ͋Ε͹ͦͷจྻࣈΛʮडཧʯ, ͦ

͏Ͱͳ͍৔߹ʮඇडཧʯͱ͢Δޠݴͷ൑ఆΛ͏ߦϞσ

ϧ͋Δ. ༗ݶΦʔτϚτϯʹ͸ඇܾఆੑ/ܾఆੑͷੑ

࣭Λ࣋ͭ NFA/DFA ͕͋Δ. ඇܾఆੑ͸ঢ়ଶભҠʹ

͍ͭͯෳ਺ͷભҠઌΛ͠ڐ, ఆੑ͸ભҠઌ͕།ܾʹٯ

ҰͰ͋Δ͜ͱΛҙຯ͢Δ. ඇܾఆੑ͸ܾఆੑͷҰൠԽ

Ͱ͋ΔͨΊ, શͯͷ DFA͸ NFAͰ΋͋Δ.
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ද 1 ࣮૷ํ๏ͷൺֱ

ਖ਼نදݱαΠζ: m, จྻࣈ௕: n DFA όοΫτϥοΫ NFA Thompson-NFA

ίϯύΠϧ࣌࠷ѱ࣌ؒʢۭؒʣྔࢉܭ O(2m) O(m) O(m)

Ϛονϯά࣌࠷ѱ࣌ؒྔࢉܭ O(n) O(2n) O(mn)

Ϛονϯά࣌࠷ѱۭؒྔࢉܭ O(1) O(n) O(m)

֦ுػೳͷ࣮૷͠қ͞ ʷ ˕ ̋

2.1 ֦ு͞Εͨਖ਼نදݱ

ਖ਼نදݱ͸͔͘ݹΒ UnixܥίϚϯυ౳Ͱར༻͞Ε

͓ͯΓ,ଟ͘ͷ֦ுػೳΛऔΓೖΕͨਖ਼نද޿͕ݱ·ͬ

͍ͯΔ. ͷೳྗΛ௒͑ݱදنཧ࿦ʹ͓͚Δਖ਼ޠݴࣜܗ

ͳ͍֦ுه๏ʢ౶ҥߏจʣͱͯ͠

֦ுه๏ ҙຯ

r? r|ε
r+ rr∗

r{m, n} mճҎ্, nճҎԼͷ r ͷ܁Γฦ͠

. શͯͷจࣈͷू߹࿨

[c1c2] c1|c2

౳͕࢖͘޿ΘΕ͓ͯΓ, ͜ΕΒͷه๏͸ RegenͰ΋

ར༻ՄೳͰ͋Δ.

͔͠͠, ਖ਼نදݱຊདྷͰ͸ະఆٛʢ͋Δ͍͸ෆՄೳʣ

Ͱ͋Δ,ΑΓࠜຊతͳ֦ுػೳ΋͍ͯ͠ٴී͘޿Δ. ͨ

ͱ͑͹, ਖ਼نදݱʹ෦෼తʹϚονͨ͠จྻࣈҐஔΛ

อ࣋͢ΔΩϟϓνϟ(capture, submatch)΍จྻࣈΛ

ਖ਼نදݱ಺෦ͰࢀরՄೳͳࢀํޙরͳͲͷػೳͰ͋Δ.

͜ΕΒ֦ுػೳʹ͍ͭͯ͸ Regen ͷର৅͔Β֎Εͯ

͓Γ, ͜ΕΒͷ࣮૷ํ๏΍ෳ͞ࡶͷઆ໌͸ߦΘͳ͍.

3. ਖ਼نදݱΤϯδϯͷ࣮૷

ਖ਼نදݱΤϯδϯͷ࣮૷ʹ͸,༗ݶΦʔτϚτϯ͕༻

͍ΒΕΔ. ༗ݶΦʔτϚτϯ͸େ͖͘DFA/NFAʹ෼

͚ΒΕ,͞ΒʹNFAͰ͸ਂ͞༏ઌ୳ܕࡧʢόοΫτϥο

Ϋ NFAʣͷ࣮૷ͱ෯༏ઌ୳ܕࡧͷ࣮૷ (Thompson-

NFA)͕͋Δ3),4). ͜ΕΒ͸ਖ਼نද͔ݱΒ༗ݶΦʔτ

Ϛτϯͷߏ੒, ͓ʹରͯ͠ͷϚονϯάʹྻࣈͼจٴ

͍ͯ࣌ؒʢۭؒʣ͕ྔࢉܭେ͖͘ҟͳΔ. ද 1ʹಛ௃

Λ·ͱΊͨ.

͠(4༺࠾ଘ࣮૷ͷଟ͘ˑ͸όοΫτϥοΫNFAΛط

͓ͯΓ, ͜ΕΒ͸֦ுػೳͷରԠ΍ਖ਼نද͔ݱΒͷί

ϯύΠϧ࣌ྔࢉܭΛ༏ઌͨ͠΋ͷͱࢥΘΕΔ. Ұํ,

Ϛονϯά࣌ͷ࠷͕ྔࢉܭ΋ߴ଎ͳ DFA࣮૷ͱͯ͠

Google RE2 ͕ 2010 ೥ʹެ։͞Ε͓ͯΓ, ଎͔ͭߴ

εϨουηʔϑͳ༏͑ߦఆϝϞϦফඅϚονϯάΛݻ

Ε࣮ͨ૷ͱͳ͍ͬͯΔ.

ˑ PCRE, َं, Java ΍֤छεΫϦϓτޠݴ૊ΈࠐΈ

4. Regenͷઃํܭ਑ͱಛ௕

͜͜Ͱ͸࣮૷ͷৄࡉʹ͍ͭͯ͸ཱͪೖΒͣ, Regen

ͷಛ௕ͱઃํܭ਑ʹ͍ͭͯઆ໌͢Δ.

Regen͸Ϛονϯά࣌ͷੑೳΛ௥ͨ͠ٻਖ਼نදݱϥ

ΠϒϥϦͰ͋Γ, ʹຊతج DFA Λ༻͍ͯϚονϯά

Λ͏ߦ. ଎Խख๏ͱͯ͠ಈߴଘ࣮૷ͱ͸શ͘ҟͳΔط

తͳίʔυੜ੒, ͞Βʹ͸ฒྻϚονϯάΛ࣮૷ͯ͠

͍Δ1). ຊઅͰ͸ҎԼʹࣔ͢ Regenͷಛ௕Λઆ໌ͯ͠

͍͘.

• ಈతͳίʔυੜ੒
• ฒྻϚονϯά
• Ϛονͨ͠จྻࣈશମͷಛఆ
• ୹Ϛονͷαϙʔτ࠷/௕࠷

• ཉுΓ/͑߇ΊϚονͷαϙʔτ

• ൱ఆ,ू߹ੵ,ݶఆؼ࠶ͷαϙʔτ

4.1 Ϛονϯάͷߴ଎Խ

Regen Ͱ͸ߴ଎ԽͷͨΊʹ಺෦Ͱ DFAΛجʹͨ͠

ಈతͳίʔυੜ੒Λߦͳ͍ͬͯΔ. ίʔυੜ੒ʹ͸ JIT

ϥΠϒϥϦͰ͋Δ Xbyak10) Λ༻͍͓ͯΓ, x86/x64

ϚγϯΛର৅ʹ։ൃ͍ͯ͠Δ. ͞Βʹจྻࣈ௕ n, pฒ

ྻͰ͕ྔࢉܭO(n/p+p)ͷޮ཰ͷྑ͍ฒྻϚονϯά

΋࣮૷͓ͯ͠Γ, ϥΠϒϥϦͷϢʔβʔ͸Φϓγϣϯ

Λࢦఆͯ͠ฒྻϚονϯάΛ͜͏ߦͱ͕Ͱ͖Δ. ίʔ

υੜ੒ͱฒྻԽͷ࣮૷ͷৄࡉ͸, զʑͷطଘ1ڀݚ) Λ

.͍͠΄রͯ͠ࢀ

4.2 Ϛονจྻࣈͷಛఆ

ਖ਼نදݱΛ༻͍ͨଟ͘ͷςΩετॲཧʹ͸, Ϛον

ͨ͠จྻࣈͷҐஔΛऔಘ͢Δػೳ͕ඞཁͱ͞Ε͍ͯ

Δ. RegenͰ͸Ϛονͨ͠จྻࣈ “શମ” ͷҐஔΛऔ

ಘ͢ΔػೳΛαϙʔτ͍ͯ͠Δ͕, ෦෼తͳจྻࣈͷ

औಘ, ͍ΘΏΔΩϟϓνϟ(capture, submatch) ͸α

ϙʔτͯ͠ͳ͍. ྫ͑͹ਖ਼نදݱ/(a|b)*(a|c)*/Ͱจ

ྻࣈ “zzabaczz” Λ෦෼Ϛονͨ͠ࡧݕ৔߹, શମͱ

ͯ͠ “abac” ͕Ϛον͢Δ. ͞Βʹਖ਼نදݱͷ࠷ॳͷ

ғ·Εͨ/(a|b)*/ʹ͸ʹހׅ “aba” ͕, ʹހΖͷׅޙ

ғ·Εͨ/(a|c)*/ʹ͸ “c” ͕Ϛον͢ΔͱղऍͰ͖,

Ωϟϓνϟ͸͜ͷ෦෼จྻࣈ΋ಛఆ͢Δ͜ͱ͕Ͱ͖Δ.

Regen ͰΩϟϓνϟΛαϙʔτ͠ͳ͍ཧ༝͸, Ωϟϓ

νϟͷޮ཰ͷྑ͍ DFAΤϯδϯͷ࣮૷͕ࠔ೉8) ͔ͩ
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ΒͰ͋Γ, Google RE2 ΋Ωϟϓνϟ͕ඞཁͳ৔߹͸

಺෦తʹ NFAΛ༻͍͍ͯΔ.

Ωϟϓνϟʹ͸ରԠ͍ͯ͠ͳ͍͕, શମͷจྻࣈ͸

औಘͰ͖Δͱ͍͏͜ͱͰ࠷௕/࠷୹Ϛον, ͞Βʹ͸ཉ

ுΓ/͑߇Ί (greedy/non-greedy)ͳϚονಈ࡞ͷର

Ԡ͍ͯ͠Δ఺͸ Regenͷେ͖ͳಛ௕Ͱ͋Δ.

4.3 ֦ ு ԋ ࢉ

Regen Ͱ͸֦ுԋࢉͱͯ͠൱ఆ, ू߹ੵ, ؼ࠶ఆݶ

Λ࣮૷͍ͯ͠Δ. ൱ఆ/ू߹ੵ͸ޠݴࣜܗཧ࿦Ͱ͍͏

֦ுਖ਼نදݱͷԋ7ࢉ)͕ͩ, ͸Regenಛ༗ͷؼ࠶ఆݶ

ԋࢉͰ͋Δ. ͜͜Ͱ͸ݶఆؼ࠶ͷΈઆ໌Λ͏ߦ. ఆݶ

తͳจؼ࠶ͷೳྗΛ௒͑Δݱදن͸௨ৗͷਖ਼ࢉԋؼ࠶

๏Λ੍ͨ͠ݶจ๏Ͱ, ۩ମతʹ͸ؼ࠶ͷਂ͞ʹ্ݶΛ

ઃ͚Δ. ͨͱ͑͹ 1ஈ͔Β 3ஈ·Ͱωετׅͨ͠ހ͸

ࢠࢉԋؼ࠶ఆݶ “@”Λ༻͍Δ͜ͱͰ/〈@{0,3}〉/ͱه
ड़Ͱ͖, ͜Ε͸/〈(〈(〈(〈〉)?〉)?〉)?〉/ͱ౳ՁͰ͋Δ.

൱ఆ,ू߹ੵ,ݶఆؼ࠶Λ༻͍ͯෳࡶͳਖ਼نදݱΛΑ

Γ؆ܿʹهड़͢Δ͜ͱ͕໨ඪͰ͋Γ, ͔͠΋͜ΕΒͷ

ԋࢉ͸Ϛονϯά଎౓ʹӨڹΛٴ΅͞ͳ͍ʢୠ͠, ਖ਼

.ͷαΠζ͸େ͖͘ͳΔ৔߹͕ଟ͍ʣݱදن

4.4 DFAͷঢ়ଶരൃʹ͍ͭͯ

ਖ਼نද͔ݱΒ౳Ձͳ DFAͷߏ੒ʹ͍ͭͯঢ়ଶരൃ

໰୊͕͋Δ. ྫ͑͹ਖ਼نදݱ (a|b) ∗ a(a|b){9} ͸౳
Ձͳ࠷খ DFAͷঢ়ଶ਺͕ 29+1 = ,ͱͳΓݸ1024 ਖ਼

.਺ؔ਺తʹ૿Ճ͢ΔࢦͷαΠζʹରͯ͠ݱදن ͜Ε

ΛDFAͷঢ়ଶരൃ໰୊ (State explosion problem)ͱ

͍͏.

ঢ়ଶ਺രൃΛ͢͜ىΑ͏ͳਖ਼نදݱ͸ൺֱతݶΒΕ

ͨύλʔϯͰ͋Γ, యܕతͳਖ਼نදݱͰ͸αΠζmʹ

ର͠࠷খ DFA ͷঢ়ଶ਺͕ O(m3) ఔ౓ʹऩ·Δ͜ͱ

͕஌ΒΕ͍ͯΔ3). ىͷΑ͏ͳঢ়ଶരൃΛه্͔͠͠

͜͢ਖ਼نද͕ݱ༩͑ΒΕ, ίϯύΠϧʹ͕͔͔࣌ؒͬ

ͯϚονϯά͕͍ͭ·Ͱ΋͑ߦͳ͍ΤϯδϯͰ͸൚༻

తʹ͍ͮ࢖Β͍. ͜Ε͸શͯͷ DFAϕʔεͷਖ਼نද

.Τϯδϯͷ՝୊Ͱ͋Δݱ

ঢ়ଶരൃ໰୊΁ͷରࡦ͸େ͖͘෼͚ͯ 3ͭ͋Δ.

( 1 ) DFAߏஙͷ஗ԆධՁ͢Δ

( 2 ) ਖ਼نදݱΛॻ͖͑׵Δ6)

( 3 ) ෦෼తʹ DFAΛߏ੒͢Δ9)

(1)͸ਖ਼نද͔ݱΒ NFAΛߏ੒͠, ࣈॳ͸ର৅จ࠷

ྻʹରͯ͠෯༏ઌ (Thompson-NFA)ͰϚονϯάΛ

.͏ߦ ಺෦Ͱ͸จ͔ྻࣈΒ 1จࣈಡΈࠐΉ౓ʹঢ়ଶͷ

ू߹Λߋ৽͍ͯ͠Δ. ͜ͷঢ়ଶͷू߹ͱจࣈʹΑΔભ

Ҡؔ܎Λอଘ͓ͯ͘͜͠ͱͰ, ࣍ʹಉ͡ঢ়ଶͷू߹ͱ

จࣈΛಡΈࠐΜͩ࣌ͷࢉܭΛলུ͢Δ͜ͱ͕Ͱ͖Δ.

͜Ε͸࠷ॳͰDFAશମΛߏஙͤͣ, จྻࣈΛಡΈࠐΈ

ͳ͕Β෦෼తʹߏஙߦͳ͏͜ͱͱͳΓ, Ϛονϯά࣌

ͷ࠷ѱྔࢉܭ͸Thompson-NFAͱಉ౳ͰO(mn), ࠷

͸ྔࢉܭྑ DFA ͱಉ౳Ͱ Ω(n) ͱͳΔ. ͜ͷٕ๏͸

On-the-Fly DFA Construction ͱ΋ݺ͹Ε, Regen

΍ Google RE2 Ͱ࣮૷͞Ε͍ͯΔ.

(2), (3)ʹ͍ͭͯ͸ຊ࣮૷Ͱ௚઀ରԠͯ͠͸͍ͳ͍.

.͍͠΄রͯ͠ࢀর࿦จΛࢀ͸ࡉৄ

5. ੑ ೳ ߟ ࡯

Ϛονϯά଎౓ʹ͍ͭͯϚϧνίΞڥ؀Ͱͷϕϯν

ϚʔΫʹΑΔධՁΛͨͬߦ. ͳ͓, ͦΕͧΕͷϕϯν

ϚʔΫͰ͸ਖ਼نදݱʹରͯ͠จྻࣈશମ͕Ϛον͢

ΔΑ͏ͳจྻࣈΛϝϞϦ্ʹಉҰϓϩηε಺Ͱੜ੒

͓ͯ͠Γ, ϚονϯάϓϩάϥϜ͸จྻࣈΛશͯಡΈ

.Ήࠐ ͸ؒ࣌ߦ࣮ Intel ͷ x86 ܥ CPU Ͱ࢖༻Մೳ

ͳ rdtsc໋ྩʹΑͬͯऔಘͨ͠ΫϩοΫ਺Λ༻͍, ॳ

࠷Ωϟογϡϛε΍εέδϡʔϦϯάͳͲͷ֎ҼΛظ

খʹ͢ΔͨΊಉҰϓϩηε಺Ͱॳճ࣮ؒ࣌ߦΛআ͘

10ճ෼ͷ࣮ؒ࣌ߦͷ࠷଎஋Λ࠾༻͍ͯ͠Δ. ·ͨ, ε

ϧʔϓοτ͸Ϛονϯά࣌ؒͱೖྗαΠζͷΈ͔Βٻ

Ί͓ͯΓίʔυੜ੒࣌ؒ͸ؚΜͰ͍ͳ͍. ϕϯνϚʔ

Ϋ͸શͯ SpeedStep/TurboBoost/Hyper-Threading

Λແޮʹͨ͠ Intel Core i7-980X (3.33GHz, 6෺ཧί

Ξ), 24GB DDR3-SDRAM (1333MHz) Λ౥ͨ͠ࡌ

Ϛγϯ্Ͱ͍ߦ, ฒྻԽʹ͸ boost::thread Λ࢖༻͠

ͨʢࠓճͷ࣮ڥ؀ݧ (Linux)Ͱ͸ pthreadͷwrapper

ͱͳΔʣ.

ϕϯνϚʔΫͷର৅ΤϯδϯΛҎԼʹࣔ͢.

Regen ຊ࣮૷. ಺෦Ͱίʔυੜ੒ΛߦΘͳ͍.

Regen JIT ຊ࣮૷. ಺෦Ͱίʔυੜ੒Λߦͳ͏.

RE2 Goole RE2

Read จྻࣈΛಡΉ͚ͩͷࢦඪϓϩάϥϜ.

5.1 Ϛονϯά଎౓ͷൺֱ

·ͣ, Regen ʹ͓͚Δಈతͳίʔυੜ੒Λ༻͍ͨ

Ϛονϯάͷߴ଎ԽΛܭଌ͢Δ. ϕϯνϚʔΫͰ͸୯

७ͳਖ਼نදݱΛ༻͍͍ͯΔ͕, DFAͰ͸ਖ਼نදݱͷෳ

.ͳ͍͠܎ؔʹྔࢉܭ͸Ϛονϯά࣌ͷ࣌ؒ͞ࡶ ݁Ռ

Λද .Δͤࡌʹ2,3

͜͜Ͱ͸ Regen͕಺෦Ͱίʔυੜ੒͢Δࡍʹ, ద࠷

Խ͕ྑ͘ޮ͘ύλʔϯͱશ͘ޮ͔ͳ͍ύλʔϯͷ 2छ

ྨͷਖ਼نදݱΛ༻͍ͨ. ද 2, 2͔Β Regenʹ͓͍ͯ

ίʔυੜ੒Λ༻͍ͨϚονϯάͰ͸ 3ഒ, ͞Βʹ࠷ద

Խ͕ޮ͘৔߹͸ 6ഒߴ଎ͳ݁Ռ͕ग़͍ͯΔ͜ͱ͕෼͔

Δ. ଎ͳߴଘ࣮૷Ͱط Google RE2 ʹରͯ͠ 6 ഒҎ

্, εϧʔϓοτʹͯ͠ 2.7GB/sec Ҏ্ͷ݁Ռ͔Β,
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ਖ਼نද(0123456789)/:ݱ*/, ೖྗ:1GB

Engine Codegen Matching Throughput

RE2 54668 12630176840 0.263GB/sec

Regen 190184 7414917052 0.449GB/sec

Regen JIT 423684 1225896300 2.716GB/sec

Read 551121603 6.042GB/sec
ද 2 .ΑΔϕϯνϚʔΫʹݱදنదԽ͕ޮ͘ਖ਼࠷ Codegen,

Matching ͷ୯Ґ͸ΫϩοΫαΠΫϧ
ਖ਼نද({5}([13579][02468]))/:ݱ*/ ೖྗ:1GB

Engine Codegen Matching Throughput

RE2 107256 12601966704 0.264GB/sec

Regen 236960 7417497860 0.448GB/sec

Regen JIT 418368 2188205292 1.521GB/sec

Read 551121603 6.042GB/sec
ද 3 .ΑΔϕϯνϚʔΫʹݱදنదԽ͕ޮ͔ͳ͍ਖ਼࠷ Codegen,

Matching ͷ୯Ґ͸ΫϩοΫαΠΫϧ

ਖ਼نද({5}[9-5]{5}[4-0])/:ݱ*/ ೖྗ:1GB

1 2 3 4 5 6

Regen

Regen JIT

Read

0.449 0.897 1.327 1.759 2.236 2.681

2.321 4.550 6.917 9.167 11.27 13.59

6.041 12.11 16.60 18.37 18.89 19.17

[GB/sec]

Number of Threads

Th
ro

ug
hp

ut

Text

Slow

Fast

0

2.5

5

7.5

10

12.5

15

17.5

20

1 2 3 4 5 6

Regen Regen JIT Read
ਤ 1 େ͖ͳςΩετʹର͢ΔฒྻϚονϯά. ͜ͷ࣌ͷ DFA ͷ

ঢ়ଶ਺͸ 10 ,ݸ ฒྻԽ DFA ͷঢ়ଶ਺͸ 109 .ݸ

ίʔυੜ੒ͷߴ଎ԽͷԸܙ͸ඇৗʹେ͖͍.

5.2 ฒྻϚονϯάͷޮՌ

࣍ʹ Regen ʹ͓͚ΔฒྻϚονϯάʹΑΔޮՌΛ

.ଌ͢Δܭ ͜͜Ͱ͸ฒྻϚονϯάΛ࣮૷͍ͯ͠ͳ͍

Google RE2 ͸ൺֱʹ༻͍ͳ͍. 1GB ͷςΩετʹ

ରͯ͠,1∼6 εϨουͰฒྻϚονϯάΛߦͳͬͨ݁

ՌΛද 1ʹࣔ͢. ݁Ռ͔Β, εϨου਺ʹରͯ͠୆਺

ޮՌ͕֬ೝ͢Δ͜ͱ͕Ͱ͖, ίʔυੜ੒Λ༻͍ͨ৔߹

6εϨουͰ͸ 13GB/secҎ্ͷੑೳ͕ग़͍ͯΔ.

͜͜Ͱ͸ൺֱత୯७ͳਖ਼نදݱΛ༻͍ͯϕϯνϚʔ

ΫΛߦͳͬͨ. ਖ਼نදݱͱର৅จྻࣈͷ૊Έ߹Θͤ,

Αͬͯ͜ʹڥ؀ݧͷΩϟογϡαΠζ౳ͷ࣮ڥ؀ߦ࣮

ΕΒͷ݁Ռ͸ҟͳΔ͔΋͠Εͳ͍. Regen ͸ϥΠϒϥ

Ϧͱͯ͠ެ։2) ͓ͯ͠Γ, ֤ࣗͷ৚݅ͰϕϯνϚʔΫ

Λ͜͏ߦͱ͕Ͱ͖Δ.

6. · ͱ Ί

࣮ޮੑೳʹಛԽͨ͠ਖ਼نදݱϥΠϒϥϦ Regen ͷ

ઃํܭ਑΍ಛ௕Λ঺հ͠, Google RE2 ͱͷൺֱΛ༻

͍Δ͜ͱͰ Regen ͷੑೳʹ͍ͭͯٞ࿦ͨ͠. ΋ࡏݱ

Regen ͸վྑ΍ػೳ֦ுͷͨΊ࣮૷Λߦͳ͓ͬͯΓ,

ϥΠϒϥϦͱͯ͠͸·ͩ։ൃஈ֊Ͱ͋Δ. ຊ࿦จ಺Ͱ

঺հͨ͠ػೳ΍ϕϯνϚʔΫʹ͍ͭͯ͸, ੋඇ Regen

Λ࢖༻֤ͯࣗ͠ͷڥ؀Ͱ࣮ͯ͠ߦ΋Β͍͍ͨ.

ँ ࣙ

Regenʹ͓͍ͯશ໘తʹ։ൃΛࢧԉͯ͘͠ΕͨαΠ

Ϙ΢ζɾϥϘٴͼαΠϘ΢ζɾϥϘϢʔεͷϝϯόʔ
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