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͋Β·͠ ຊߘͰ, ਖ਼ͳ DEX (Dalvik Executable) ϑΝΠϧΛϥϯμϜʹੜ͢Δ͜ͱʹΑͬͯ Android ԾϚ

γϯΛςετ͢Δख๏ΛఏҊ͢Δ. Android ԾϚγϯͷϥϯμϜςετख๏ͱͯ͠, ଘͷط DEX ϑΝΠϧΛม

ҟͤ͞Δ͜ͱʹΑΓςετέʔεΛੜ͢Δख๏ͱ, ϥϯμϜʹੜͨ͠ Java ϓϩάϥϜΛίϯύΠϧͯ͠ಘΒΕΔ

DEX ϑΝΠϧΛ༻͍Δख๏͕͋Δ. લऀʹԾϚγϯͷϕϦϑΝΠΞΛ௨աͰ͖ͳ͍ςετέʔεΛଟ͘ੜͯ͠

͠·͏ͱ͍͏՝͕͋Γ, ݶੜ͞ΕΔόΠτίʔυͷύλʔϯ͕ίϯύΠϥͷίʔυੜϙϦγʔʹΑΓʹऀޙ

ఆ͞Εͯ͠·͏ͱ͍͏՝͕͋Δ. ຊߘͷख๏Ͱ, ϕϦϑΝΠΞΛ௨ա͢Δ ਖ਼ͳ DEX ϑΝΠϧΛίϯύΠϥΛ

༻͍ͣੜ͢Δ. ϥϯμϜͳ໋ྩྻ͓Αͼ݁ࢉܭՌͷর߹Λ͏ߦόΠτίʔυΛੜ͠, DEX ϑΝΠϧͷ֤ηΫ

γϣϯͷ༰Λੜͨ͠όΠτίʔυʹԠͯ͡मਖ਼͢Δ͜ͱʹΑΓ, ඞͣϕϦϑΝΠΞΛ௨ա͢Δ DEX ϑΝΠϧΛੜ

͢Δ. ຊख๏ʹͮ͘جςετγεςϜΛ Perl Ͱ࣮͠, Android 6.0 ͓Αͼ 8.0 ͷԾϚγϯΛରʹςετΛͬߦ

ͨ݁Ռ, ෆ۩߹Λݕग़͢Δ͜ͱͰ͖ͳ͔͕ͬͨ, ϕϦϑΝΠΞΛ 100% ௨ա͠, ίϯύΠϥ͕ੜ͠ʹ໋͍͘ྩྻΛ

ؚΉ DEX ϑΝΠϧΛੜ͢Δ͜ͱ͕Ͱ͖ͨ.

Ωʔϫʔυ Android ԾϚγϯ, ίϯύΠϥ, ϥϯμϜςετ, ϑΝδϯά
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Abstract This article presents a method of testing Android virtual machines (VMs) by generating random but

valid DEX (Dalvik Executable) files. There have been two major methods of generating random DEX files to test

Android VMs; one is to randomly mutate bits in existing DEX files and the other is to generate random Java

programs and to compile them. While the former approach ends up with generating many invalid DEX files that

are rejected by the VM’s verifier, the latter can generate limited patterns of VM machine codes that follow the

compilers’ code generation policies. The method proposed in this article randomly generates only valid DEX files

without using Java compilers. Bytecode sequences to compute random arithmetic operations and to verify their

results are first generated, and then they are embedded into a template file and the contents of all the section in the

file are adjusted so that the DEX file will be valid. A test system has been implemented in Perl 5 and the virtual

machines of Android 6.0 and 8.0 have been tested. 100% of the generated files passed the verifiers and the bytecodes

exhibited different register access patterns than those generated by front-end compilers, though no error has been

detected so far.
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1.  ͡ Ί ʹ

Androidʢ1ʣεϚʔτϑΥϯλϒϨοτͷϞόΠϧ

͚ʹ։ൃ͞Εͨ OS Ͱ͋Δ͕, ʹΈγεςϜࠐͰۙ࠷

͞ࡌΕΔ, Android .໘͕૿͖͍͑ͯͯΔہΕΔ͞༺׆͕

2017 ʹ݄ؒͷϢʔβʔ͕ 20 ԯਓΛಥഁ͠, ͦͷࠓ
ϢʔβʔΛ૿͠ଓ͚͍ͯΔʢ2ʣ. ͜ͷΑ͏ͳར༻ͷ֦େʹ

ʢ1ʣɿhttps://source.android.com (accessed 2018-02-05)

ʢ2ʣɿhttps://techcrunch.com/201705/17/google-has-2-billion-users -

on-android-500m-on-google-photos/ (accessed 2018-02-05)
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͍, Android ͷ৴པੑ֬อࣾձతʹඇৗʹॏཁͳ՝ͱ

ͳ͖͍ͬͯͯΔ.

Android  ΧʔωϧϥΠϒϥϦ, Android ϥϯλΠϜ (Ծ

ϚγϯͱίΞϥΠϒϥϦ), ΞϓϦέʔγϣϯϑϨʔϜϫʔΫ,

͓Αͼ֤छΞϓϦέʔγϣϯ༷ʑͳιϑτΣΞͰߏ͞Ε,

ͦΕͧΕ͕ςετରͱͳΔ͕, ຊߘͰԾϚγϯͷςετ

Λରͱ͢Δ. ԾϚγϯੑߴԽػՃͷͨΊʹ༷

࣮ͷม͕ߋසൟʹߦΘΕΔͨΊ, ͦͷෆ۩߹͕ൃੜ͠қ

͘, ͦͷςετॏཁͰ͋Δ.

ԾϚγϯͷςετ, ·ͣ։ൃऀ͕࡞ͨ͠ςετέʔε

Λ༻͍ͯపఈతʹߦΘΕΔ. ͔͠͠, ͜ΕΒΛͯܦͳ͓ෆ۩

߹͕જ͢ࡏΔ߹͕͋Γ, ͦͷΑ͏ͳෆ۩߹Λݕग़͢ΔͨΊʹ,

ϥϯμϜʹੜͨ͠ϓϩάϥϜʹΑΓςετΛ͏ߦϥϯμϜς

ετ (ϑΝδϯά) ͕༻͍ΒΕΔ.

Dexfuzz [1] , DEX ϑΝΠϧ (Android ԾϚγϯͷ࣮ߦ

ՄϑΝΠϧ) ͷมҟମ (ϑΝΠϧதͷ͍͔ͭ͘ͷϏοτΛ

సͤͨ͞ͷ) Λଟྔʹੜ͢Δ͜ͱʹΑΓ Android ԾϚγ

ϯͷςετΛ͍ͯͬߦΔ. มҟʹͮ͘جϑΝδϯάͰ, ϕϦ

ϑΝΠΞ (ෆਖ਼ͳ DEX ϑΝΠϧΛݕग़͢ΔϞδϡʔϧ) Λ͍

͔ʹ௨աͤ͞Δ͔͕՝ʹͳΔ͕, Dexfuzz ໋ྩͷߏจΛղ

ੳ্ͨ͠ͰಛఆͷՕॴΛมҟͤ͞Δ͜ͱʹΑΓ, ϕϦϑΝΠΞ

ͷ௨աΛ্͍ͯͤ͞Δ. ͔͠͠, ͜ͷख๏ʹΑͬͯ DEX

ϑΝΠϧͷϕϦϑΝΠΞ௨ա 10% ఔʹͱͲ·Δ. ·ͨ, ࠩ

ςετख๏ [2] Λ༻͍͍ͯΔͨΊ, DEX ϑΝΠϧͷ࣮݁ߦՌ

.Ͱ͖ͳ͍͜ͱ՝Ͱ͋Δূݕ௨ΓͰ͋Δ͔Λ༷͕

จݙ [3]Ͱ, ϥϯμϜʹੜͨ͠ Java ϓϩάϥϜ͔Βϑϩ

ϯτΤϯυίϯύΠϥ (javac ͓Αͼ dx) Λ༻͍ͯ DEX ϑΝ

ΠϧΛੜ͢Δ͜ͱʹΑΓԾϚγϯͷςετΛ͍ͯͬߦΔ.

͔͠͠, ͜ͷ DEX ϑΝΠϧίϯύΠϥ͕ੜ͢ΔͨΊ, Φ

ϖϥϯυͷϨδελ൪߸ͷൣғ໋ྩͷछྨ͕ίϯύΠϥͷ

ίʔυੜϙϦγʔʹΑͬͯݶఆ͞ΕΔͱ͍͏՝͕͋Δ.

ຊߘͰ, ϥϯμϜͰ͔ͭਖ਼ͳ DEX ϑΝΠϧΛੜ

͢Δ͜ͱʹΑͬͯ Android ԾϚγϯͷςετΛ͏ߦख๏Λ

ఏҊ͢Δ. ຊख๏Ͱ, ϥϯμϜͳ໋ྩྻͱͦͷ໋ྩྻͷ࣮݁ߦ

Ռͱظ (Ռ݁ߦ͞ΕΔ࣮ظ) ͷর߹Λ͏ߦ DEX ͷόΠ

τίʔυΛੜ͢Δ. ·ͨ, όΠτίʔυͷ༰ʹԠͯ͡ DEX

ϑΝΠϧͷ֤ηΫγϣϯͷ༰Λमਖ਼͢Δ͜ͱʹΑΓ, ඞͣϕ

ϦϑΝΠΞΛ௨ա͢Δ DEX ϑΝΠϧΛੜ͢Δ.

ҎԼ, ຊߘͰ 2 ষͰ ART ͷߏͱ DEX ϑΝΠϧ, ͓Α

ͼԾϚγϯͷςετख๏ʹ͍ͭͯड़, 3 ষͰຊख๏ʹج

ͮ͘γεςϜٴͼ DEX ϑΝΠϧͷੜख๏ʹ͍ͭͯड़Δ. 4

ষͰ࣮ٴͼ࣮ݧʹ͍ͭͯड़ͨޙ, 5 ষͰ·ͱΊͱޙࠓͷ՝

ʹ͍ͭͯड़Δ.

2. ԾϚγϯͷϑΝδϯά

2. 1 Android ԾϚγϯ ART ͷߏ

ART [4]  Android 5 (Lolipop) Ҏ߱Ͱ࠾༻͞Ε͍ͯΔԾ

Ϛγϯ (Virtual Machine; VM) Ͱ͋Δ. ͦΕҎલͷ Dalvik

VM [5] ͕ΠϯλϓϦλͱ JIT (Just-In-Time) ίϯύΠϥΛ

Έ߹Θ͍ͤͯͨͷʹର͠, ART , ͷͨΊʹΠϯ্ޮߦ࣮

λϓϦλͱ AOT (Ahead-Of-Time) ίϯύΠϥΛ༻͍ͯ࠷ద

ԽΛڧԽ͍ͯ͠Δ.

ART ͷߏͷུ֓ [6]Λਤ 1 ʹࣔ͢. DEX ϑΝΠϧ An-

droid ԾϚγϯͷ࣮ߦՄࣜܗͰ͋Γ, όΠτίʔυ (໋ྩྻ)

ΛؚΜͰ͍Δ. ART  DEX ϑΝΠϧΛड͚औΔͱ, dex2oat
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ਤ 1: ART ͷߏ [6]

ʹΑΓূݕͱίϯύΠϧΛͯͬߦ, ͷݩ DEX ϑΝΠϧͷ༰

ʹλʔήοτϓϩηοα༻ͷωΠςΟϒίʔυΛՃ͑ͨ ELF

ՄϑΝΠϧߦͷ࣮ࣜܗ OAT Λੜ͠, ͦΕΛ ART ͷԾ

ϚγϯͰ࣮͢ߦΔ.

dex2oatॳΊʹϕϦϑΝΠΞ (Verifier)Ͱೖྗ͞Εͨ DEX

ϑΝΠϧͷਖ਼ੑͷࠪݕΛ͏ߦ. ϕϦϑΝΠΞνΣοΫαϜ

ϑΝΠϧϑΥʔϚοτͷࠪݕͷΈͳΒͣ, ֤ηΫγϣϯ͕࣋

ͭΦϑηοτͷઌʹ͖ͪΜͱσʔλ͕ଘ͍ͯ͠ࡏΔ͔, Ϩδε

λ൪߸͕όΠτίʔυͰ༻Մͳൣғʹऩ·͍ͬͯΔ͔, 

ͷδϟϯϓઌྩ໋ذ (Φϑηοτ) ͕όΠτίʔυͷൣғͰ,

ͦΕ໋͕ྩͷઌ಄Λ͍ͯ͠ࢦΔ͔, όΠτίʔυͷ੩తͳਖ਼

ੑ·Ͱࠪ͢ݕΔ.

,ͷϑΟϧλϦϯάͰ࣍ όΠτίʔυ͔ΒωΠςΟϒίʔ

υʹίϯύΠϧ͢ΔՕॴΛநग़͢Δ. ଈͪ, ART Ͱશͯͷό

ΠτίʔυͰͳ͘, ϝιουͷن (໋ྩ͋Δ͍༻Ϩ

δελ൪߸ͷ࠷େ) ͕Ұఆͷ݅Λຬͨͨ͠ͷ͚͕ͩω

ΠςΟϒίʔυʹίϯύΠϧ͞ΕΔ. όοΫΤϯυίϯύΠϥ

(backend compiler) , ίϯύΠϧ͢Δ෦Λதؒදݱ (IR)

ʹม࠷ͯ͠దԽΛޙͨͬߦ, IR ͔ΒωΠςΟϒίʔυΛੜ

͢Δ.

2. 2 DEX ϑΝΠϧͷߏ

DEX ϑΝΠϧόΠτίʔυ໋ྩྻͷଞ, ใͷอଘҐஔͷ

ϙΠϯλ, ϓϩάϥϜͰ༻͞ΕΔܕͷใ, ఆจྻࣈσʔ

λ, ॳظσʔλΛͭ࣋. DEX ϑΝΠϧͷϑΥʔϚοτΛਤ

2 ʹࣔ͢. Data ηΫγϣϯʹ, όΠτίʔυจྻࣈσʔ

λ, Ϋϥεσʔλ, ϑΟʔϧυใ͕֨ೲ͞Ε͍ͯΔ. Header

ηΫγϣϯʹνΣοΫαϜॺ໊, ϑΝΠϧαΠζ, ֤ηΫ

γϣϯͷΦϑηοτͷใ͕֨ೲ͞Ε͍ͯΔ. String ids,

Type ids, Proto ids, Field ids, Method ids ηΫγϣϯʹͦ

ΕͧΕͷσʔλͷΠϯσοΫε, Class defs ηΫγϣϯʹΫ

ϥεσʔλ (ΫϥεϑΟʔϧυͷम০ࢠ) ͷΦϑηοτ

͕֨ೲ͞Ε͍ͯΔ.

2. 3 DEX όΠτίʔυ

Android ԾϚγϯϨδελϚγϯͰ͋Γ, ϝιουຖʹ

େ࠷ 65536 ͷݸ 32 ϏοτϨδελ (0, 1, 2, · · · ͱ൪߸͚͞
ΕΔ) Λͭ࣋͜ͱ͕Ͱ͖Δ. ໋ྩ 3 ΞυϨεࣜܗͰ͋Γ, ྫ

͑ “add-int v3, v5, v6”  5 ൪Ϩδελͱ 6 ൪Ϩδελ

ͷΛ 32 Ϗοτͱͯ͠Ճ݁ͨ͠ࢉՌΛ 3 ൪Ϩδελʹ֨

ೲ͢Δ໋ྩͰ͋Δ.

໋ྩ͕ΦϖϥϯυʹࢦఆͰ͖ΔϨδελͷ൪߸ͷൣғ໋ྩ

ຖʹҟͳΓ, 0∼15, 0∼255, ͘͠ 0∼65535 ͷ͍ͣΕ͔Ͱ͋

Δ. ज़໋ྩͷଟ͕͘ࢉ 0∼255 ͷൣғΛ༻͍͍ͯΔͨΊ, 256 ൪

Ҏ߱ʹ֨ೲ͞Εͨʹରͯ͠ࢉज़ԋࢉΛ͏ߦ߹ʹ, 255 ൪

ҎલͷϨδελʹΛҠಈͤ͞ͳ͚ΕͳΒͳ͍.

int ܕ 32 ϏοτҎԼͷ 1 ͭͷϨδελʹ֨ೲ͞ΕΔ

͕, long ͷܕ 64 ϏοτܕͷϨδελϖΞ (൪߸͕࿈ଓ

͢Δ 2 ͭͷϨδελ) ʹ֨ೲ͞Ε, ໋ྩͷΦϖϥϯυʹϨδ
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ਤ 2: DEX ϑΝΠϧͷߏ

ελϖΞͷए͍ํͷϨδελ൪߸Λࢦఆ͢Δ. 64 Ϗοτͷσʔ

λΛॻ͖ࠐΜͩϨδελϖΞͷ͍ͣΕ͔ʹ 32 ϏοτσʔλΛ

,Δ໋ྩͰΞΫηε͕͋Δͱ͢࡞ૢ ϑΥʔϚοτҧʹͳΓ, ϕ

ϦϑΝΠΞΛ௨աͰ͖ͳ͘ͳΔ.

ΫϥεͷϝιουؒͰมΛڞ༗͢Δ߹ΫϥεϑΟʔ

ϧυͱݺΕΔྖҬΛ༻͍Δ. ΫϥεϑΟʔϧυʹ sput-typ,

sget-typ (typ σʔλͷܕ) Λ༻͍ͯΞΫηε͢Δ. sput-typ

ΫϥεϑΟʔϧυʹ typ ,ͷΛઃఆ͢Δ໋ྩͰ͋Γܕ

sget-typ ΫϥεϑΟʔϧυ͔Β typ ͷΛऔಘ͢Δ໋ܕ

ྩͰ͋Δ.

2. 4 ԾϚγϯͷϑΝδϯά

ϑΝδϯάͱ, ։ൃऀ͕༧͍ͯ͠ظͳ͍Α͏ͳೖྗΛ༩͑

ͯιϑτΣΞΛςετ͢Δख๏Ͱ͋Δ [7]. ϑΝδϯά, ط

ଘͷೖྗΛมҟͤͯ͞৽ͨͳೖྗΛੜ͢Δख๏ͱ, Ұ͔Βೖ

ྗΛੜ͢Δख๏ʹྨ͞ΕΔ. લऀ࣮͕ൺֱత༰қ͕ͩ,

ෆਖ਼ͳೖྗΛੜ͍ͨ͢͠Ίςετޮ͕Լ͕Δ͜ͱ͕͋Δ.

,ऀޙ ςετରͷϓϩτίϧϑΝΠϧͷ͍ͯͮجʹ༷

ೖྗΛੜ͢ΔͷͰ͋Γ, લऀΑΓׂ͍ߴ߹Ͱਖ਼ͳೖྗ

ΛੜͰ͖Δ͕, ೖྗࣜܗͷཧղੜܥͷ࣮ʹίετ͕͔

͔Δ.

Java ԾϚγϯͷςετʹؔͯ͠จݙ [8] [9] [3] ͕͋Δ. จ

ݙ [8]ਖ਼ͳΫϥεϑΝΠϧΛੜ͢Δ͜ͱʹΑΓԾϚγ

ϯͷ JIT (Just In Time) .Λςετ͍ͯ͠Δػ จݙ [9] ,

ೖྗ͍ߴଘͷΫϥεϑΝΠϧΛมҟͤ͞ίʔυΧόϨοδͷط

Λੜ͠, ༷ʑͳ࣮ͷ Java ԾϚγϯͰ࣮͢ߦΔࠩςε

τΛ͍ͯͬߦΔ. จݙ [3]Ͱ, ϥϯμϜςετγεςϜ [10] Ͱ

ੜͨ͠ Java ϓϩάϥϜΛίϯύΠϧ, Δ͜ͱʹΑΓ͢ߦ࣮

ԾϚγϯΛؚΉ Java ॲཧܥΛςετ͍ͯ͠Δ.

Android ԾϚγϯͷςετʹؔͯ͠ [1] [3] ͕͋Δ. จ

ݙ [1] Ͱ, ଘͷط DEX ϑΝΠϧΛมҟͤ͞Δํ๏ʹΑΓϑΝ

δϯάΛ͍ͯͬߦΔ. ϕϦϑΝΠΞͷ௨աΛ্ͤ͞ΔͨΊ

ʹ, ଘͷط DEX ϑΝΠϧΛղੳ͠, ΦϖϥϯυϨδελͷ൪

߸݅ذͷΦϑηοτͷϑΟʔϧυΛಛఆ্ͨ͠Ͱมҟ

͍ͤͯ͞Δ. ͔͠͠, ϑΥʔϚοτʹैͬͯΛมҟͤͨ͞

߹Ͱ, ͦͷ͕όΠτίʔυʹ͓͍ͯແޮͳͷͰ͋Εϕ

ϦϑΝΠΞ͕ݕग़ͯ͠͠·͏. ྫ͑, Ϩδελ൪߸͕ͦͷϝ

ιουͰ༻ՄͳϨδελͷൣғΛ͑ͨ߹, ྩ໋ذ

ͷδϟϯϓઌ͕όΠτίʔυͷൣғ֎ʹͳͬͨ߹Ͱ͋Δ.

·ͨ, ͜ͷख๏Ͱ෦ίϯύΠϥͷ 3 छྨͷΦϓγϣϯͰί

ϯύΠϧ ,ಘΒΕΔ݁ՌΛൺֱͯ͠͠ߦ࣮· ଟܾͰΤϥʔ

ఆΛ͍ͯͬߦΔ. ͔͠͠, ͯ͢ͷΦϓγϣϯͰಉ͡ޡΓ͕ى

ͬͨ͜߹ʹݟಀ͕͠ੜͯ͡͠·͏ͨΊ, Ռ͕ਖ਼͍݁͠ߦ࣮

͔Ͳ͏͔ີݫʹςετͰ͖͍ͯͳ͍.

จݙ [3]Ͱ, ϥϯμϜʹੜͨ͠ Java ϓϩάϥϜ͔Βϑϩ

ϯτΤϯυίϯύΠϥ (javac ͓Αͼ dx) Λ༻͍ͯ DEX ϑΝ

ΠϧΛੜ͢Δ͜ͱʹΑΓ, ͜ΕΒͷίϯύΠϥͱ ART ͷॲ

ཧܥͷςετΛ͍ͯͬߦΔ. ͜ͷख๏Ͱ, ඞͣਖ਼ͳ DEX

ϑΝΠϧΛੜͰ͖Δ͕, ΕΔϨδελ͕ए͍൪߸ʹภͬ͞༺

ͯ͠·ͬͨΓ, ໋ྩΛબ͢Δنଇ͕ҰఆͰ͋Δ, όΠτίʔ

υͷ༰͕ϑϩϯτΤϯυίϯύΠϥͷ༷ʹΑΓݶఆ͞ΕΔ.

͜ͷͨΊ, ςετΛ͍͘Β૿ͯ͠, ԾϚγϯʹςετ͞

Εͳ໋͍ྩΦϖϥϯυͷΈ߹Θ͕ͤͯͬ͠·͏ͱ͍͏՝

͕͋Δ.

3. ਖ਼ͳ DEX ϑΝΠϧੜʹΑΔ ART ͷ
ϥϯμϜςετ

3. 1 ֓ ཁ

ຊߘͰ, ਖ਼ͳ DEX ϑΝΠϧΛϥϯμϜʹੜ͢Δ͜ͱ

ʹΑΓ Android ԾϚγϯΛςετΛ͏ߦख๏ΛఏҊ͢Δ. ς

ετର, ਤ 1 ͷϕϦϑΝΠΞ, όοΫΤϯυίϯύΠϥ, ͓

Αͼ ART Ͱ͋Δ. ຊख๏Ͱੜ͢Δ DEX ϑΝΠϧϕϦϑΝ

ΠΞʹ͛ΒΕΔ͜ͱͳ͘ίϯύΠϥ ART ΛςετͰ͖Δ.

·ͨ, ຊख๏ͰϑϩϯτΤϯυίϯύΠϥͰੜ͞Εʹ͘

໋͍ྩྻΛؚΉ DEX ϑΝΠϧΛੜ͢Δ͜ͱ͕Ͱ͖Δ.

ຊख๏Ͱੜ͢Δ DEX ϑΝΠϧͷόΠτίʔυͷྫ (ओཁ

෦ͷٯΞηϯϒϧ݁Ռ) Λਤ 3 ʹࣔ͢. ਤ 3 (c) ͷ main ,

(1) มఆٛϒϩοΫ (0001∼1135 ,(ߦ (2) ϒϩοࢉܭज़ࢉ

Ϋ (1136∼4257 ,(ߦ (3) র߹ϒϩοΫظ (4258∼4484 ߦ

) ΑΓߏ͞Ε͍ͯΔ.

ຊख๏Ͱ, Java ϓϩάϥϜΛίϯύΠϧ͢Δ͜ͱʹΑͬͯ

ಘΒΕͨ DEX ϑΝΠϧͷςϯϓϨʔτʹ (1)∼(3) ͷ໋ྩྻΛ

ੜ͠ૠೖͨ͠ޙ, ϔομʔͷηΫγϣϯΛͦͷ໋ྩྻʹԠ

ͯ͡मਖ਼͢Δ͜ͱʹΑΓ, ϕϦϑΝΠΞͰෆਖ਼ͱఆ͞Εͳ͍

DEX ϑΝΠϧΛੜ͢Δ.

3. 2 ໋ྩྻͷੜ

ຊख๏Ͱ, ͷ݁ՌͲͷΑ͏ͳ͕ϨδελʹೖΔࢉܭͣ·

͔Λઌʹܾఆ͠, ͦͷΑ͏ͳΛੜ͢Δ໋ྩྻΛ࣮ߦͷٯॱ

ʹܾఆ͍ͯ͘͜͠ͱʹΑΓ໋ྩྻΛੜ͢Δ.

1. র߹ϒϩοΫͷੜظ

·ͣ, (3) Ͱͷظর߹ͷରͱͳΔϨδελΛϥϯμϜʹ

બ͠, ͦͷϨδελͷظΛϥϯμϜʹܾఆ͢Δ. ,ʹ࣍ ͜

ΕΒͷϨδελͷͱظͱͷҰகఆΛྻྩ໋͏ߦΛੜ

͢Δ. ਤ 3 (c)Ͱ,ࢉܭͷ݁ՌΛ֨ೲ͢ΔϨδελͱͯ͠,Ϩδ

ελ v4373, v1697, ͓Αͼ v3603∼3604 ͕બΕ, ͦΕͧΕͷ

ͱͯ͠ظ 0xcfe1311b, 0x124615e5, 0x6e5f5a2d68124931

͕બΕ͍ͯΔ. 4261∼4266 ,Ͱߦ v4373 Ϩδελͷ͕

0xcfe1311b ʹͳ͍ͬͯΔ͔Ͳ͏͔ςετ͍ͯ͠Δ. v6 ظʹ

Λ, v8 ʹ v4373 ͷΛϩʔυ͠, ͦΕΒͷൺֱʹ͍ͯͮج

͍݅ͯ͠ذΔ. ͍͠߹ʹ, OK Λग़ྗ͠, ͦ͏Ͱͳ͍

߹ʹ NG Λग़ྗ͍ͯ͠Δ.

2. ϒϩοΫͷੜࢉܭज़ࢉ

1. Ͱબͨ͠Ϩδελʹظ௨ΓͷΛ֨ೲ͢ΔΑ͏ͳ

໋ྩྻΛੜ͢Δ. ͜ΕԼهͷखॱʹΑΔ໋ྩੜΛ࣮ߦͷ

.͏ߦΓฦ͢͜ͱʹΑΓ܁ʹॱٯ
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[000240] seed.<clinit>:()V

0001: const-wide v0, 0xc3fa49d96b8b20e6

0002: sput-wide v0, Lseed;.i5:I

...

0011: const v0, 0xfffff251

0012: sput v0, Lseed;.i0:I

0013: return-void

(a) clinit

[00029c] seed.<init>:()V

0001: move-object v0, v2

0002: move-object v1, v0

0003: invoke-direct {v1}, Ljava/lang/Object;.<init>:()V // main

0004: return-void

(b) init

[0002b8] seed.main:([Ljava/lang/String;)V

// (1) มఆٛϒϩοΫ
0001: sget-wide v8, Lseed;.i5:I

0002: move-wide/16 v8681, v8

...

1134: const-wide v8, 0x0000000000017e74

1135: move-wide/16 v5793, v8

// (2) ϒϩοΫࢉܭज़ࢉ
1136: move-wide/16 v12, v14435

1137: move-wide/16 v14, v5502

1138: or-long v10, v12, v14

1139: move-wide/16 v14655, v10

...

4254: move-wide/16 v12, v12967

4255: move-wide/16 v14, v15600

4256: div-long v10, v12, v14

4257: move-wide/16 v12862, v10

// (3) ϒϩοΫࢉܭظ
4258: sget-object v0,

Ljava/lang/System;.out:Ljava/io/PrintStream;

4259: const-string v2, "OK"

4260: const-string v3, "NG"

4261: const v6, 0xcfe1311b

4262: move/16 v8, v4373

4263: if-ne v8, v6, +0006

4264: invoke-virtual {v0, v2},

Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

4265: goto +0004

4266: invoke-virtual {v0, v3},

Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

4267: const v6, 0x124615e5

4268: move/16 v8, v1697

4269: if-ne v8, v6, +0006

4270: invoke-virtual {v0, v2},

Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

4271: goto +0004

4272: invoke-virtual {v0, v3},

Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

...

4478: const-wide v6, 0x6e5f5a2d68124931

4479: move-wide/16 v8, v3603

4480: cmp-long v4, v6, v8

4481: if-nez v4, +0006

4482: invoke-virtual {v0, v2},

Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

4483: goto +0004

4484: invoke-virtual {v0, v3},

Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

4485: return-void

(c) main

ਤ 3: ੜ͢ΔόΠτίʔυྫ

(a) Λॻ͖ࠐΉϨδελΛϥϯμϜʹҰͭબ͢Δ.

(b) .ͱΛܾఆ͢ΔܕͱͦͷΦϖϥϯυͷࢉΔԋ͢༺

(c) ΦϖϥϯυϨδελΛબ͢Δ. Ұఆͷ֬ͰϨδελ

ͷ࠶ར༻ΛࢼΈΔ.

• ͱ͕ܕ (b) Ͱܾఆͨ͠ͷʹҰக͢ΔϨδελ͕͋

Ε, Ұఆͷ֬ͰͦΕΛ༻͢Δ .(༺ར࠶)

• ͦΕҎ֎ͷ߹ʹ, ৽͍͠ϨδελΛϥϯμϜʹબ

͠, ͦͷϨδελʹ (b) Ͱܾఆͨ͠Λઃఆ͢Δ.

ຊख๏ʹΑΔ໋ྩྻͷੜྫΛਤ 4 ʹࣔ͢. ͜ͷྫͰ 1.

ͷૢ࡞ʹΑΓϨδελ v16 ͱ v18 ͕બΕ, ͦͷظ͕ͦΕ

ͧΕ 1 ͱ 3 ͱઃఆ͞ΕΔ ( 1⃝). ʹ࣍ 2-(a) ͷૢ࡞ͰϨδελ

v16 ͕ͭ int ͷܕ 1 ͕બΕ, ԋ݁ࢉՌ͕ͦͷͱͳΔΑ͏

ʹ, 2-(b) ͷૢ࡞Ͱ, sub-int (ࢉݮ) ԋࢉͱͦͷΦϖϥϯυͱ͠

ͯ int ͷܕ 4 ͱ int ͷܕ 3 ͕ܾఆ͞ΕΔ. 2-(c) ͷૢ࡞Ͱ int

ͷܕ 3 ͷΛͭ࣋ v18 ͕બΕ, ৽͘͠ v19 ʹ 4 ͕ઃఆ͞Ε

Δ ( 2⃝).

,ʹߋ 2⃝ ʹରͯ͠ 2. ͷૢ࡞Λ͍ߦ, Ϩδελ v18 ͕ͭ int

ͷܕ 3 ͕બΕ, add-int (Ճࢉ) ԋࢉͱ int ͷܕ 3 ͱ int ܕ

ͷ 0 ͕ܾఆ͞ΕΔ. ͦΕΒͷΦϖϥϯυ͕Ϩδελ v16 ͱ v17

ʹઃఆ͞ΕΔ ( 3⃝).

ຊख๏Ͱҙͷ൪߸ͷϨδελΛ༻໋͍ͨྩྻΛੜ͢Δ

͜ͱ͕Ͱ͖Δ. ໋ྩͰ༻Ͱ͖ΔϨδελʹ੍͕͋Δ߹ʹ

, ϨδελͷΛసૹ͢ΔͨΊͷ໋ྩྻੜ͢Δ. ྫ͑,

ਤ 3 (c) ͷࢉज़ࢉܭϒϩοΫͰ, 1136∼1137 ͰΦϖϥϯߦ

υͱͯ͠༻͢ΔΛͦΕͧΕ v14435, v5502 ͔Β v12, v14

ʹ, v10 ʹ֨ೲ͞Εͨԋ݁ࢉՌΛ v14655 ʹసૹ͍ͯ͠Δ.

ϨδελϖΞͷҰํͷΈΛॻ͖͑Δ໋ྩϑΥʔϚοτҧ

ͱͳΔ. ·ͨ, ϨδελʹΦϒδΣΫτͷϦϑΝϨϯε

ͷࢉज़ԋࢉͰѻΘͳ͍σʔλ͕֨ೲ͞ΕΔ͜ͱ͋ΔͨΊ, ຊ

ख๏Ͱల։ͷࡍʹ, ͦΕΒΛෆਖ਼ʹѻ͏͜ͱ͕ͳ͍Α͏ʹϨ

δελͷ༰ʹޚ੍͖ͮجΛ͏ߦ.

3. มఆٛϒϩοΫͷੜ

2. ͰඞཁʹͳΔॳظΛϨδελʹઃఆ͢Δ໋ྩྻΛੜ͢

Δ. ਤ 4 ͷྫʹ͓͍ͯ, (2) ͷૢ࡞Λ 3⃝ Ͱऴྃ͢Δ߹, v16,

v17, v19 ΛͦΕͧΕ 0, 3, 4 ͰॳظԽ͢Δඞཁ͕͋Δ. ͜ΕΒ

ͷॳظ, const ໋ྩ (ϨδελʹఆΛϩʔυ͢Δ) ·ͨ

 sget ໋ྩ (ϨδελʹΫϥεϑΟʔϧυ͕ͭ࣋Λϩʔυ

͢Δ) ʹΑΓϨδελʹઃఆ͢Δ. ΫϥεϑΟʔϧυͷΛ

༻͢Δ߹, (a) ͷ clinit ͰॳظΛઃఆ͢Δ. (c) ͷ main

0002∼0003 ͰϨδελߦ v17 ͱ v19 ʹఆ 3, 4 Λϩʔυ

͍ͯ͠Δ. (a) ͷ clinit 0001∼0002 ,Ͱߦ 0 ΛΫϥεϑΟʔ

ϧυʹॳظΛઃఆ͠, (c) ͷ main 0001 ͰͦͷΛϨδߦ

ελ v16 ʹϩʔυ͍ͯ͠Δ.

ຊख๏Ͱੜ͢Δ DEX όΠτίʔυͷॾݩΛද 1 ʹࣔ͢.

มʹؔͯ͠, ܕ 32, 64 Ϗοτͷූ߸͖ܕ, είʔ

ϓϩʔΧϧ͓ΑͼΫϥεϑΟʔϧυ, म০ࢠ static (Ϋϥ

εϑΟʔϧυ) ͱ final (ࢭېೖͷ࠶) ͓Αͼ volatile (ε

ϨουؒͰมͷΛಉظ) ͷΈ߹ΘͤΛ༻͍Δ. ໋ྩओ

ʹԋྩ໋ࢉͱܕมྩ໋Λରͱ͢Δ.

3. 3 DEX ϑΝΠϧͷੜ

ຊख๏ʹ͓͚Δ DEX ϑΝΠϧͷੜҎԼͷखॱͰ͏ߦ.

1. ςϯϓϨʔτͱͳΔ DEX ϑΝΠϧΛ༻ҙ͢Δ.

2. 3.2 અͷख๏Ͱੜ໋ͨ͠ྩྻΛςϯϓϨʔτͷ Data

ηΫγϣϯʹૠೖ͢Δ.

ද 1: ຊख๏Ͱੜ͢Δ DEX όΠτίʔυͷॾݩ
ܕ int (32 Ϗοτ), long (64 Ϗοτ)

είʔϓ ϩʔΧϧ, ΫϥεϑΟʔϧυ

म০ࢠ static, static final, static volatile

ԋྩ໋ࢉ

add-int, sub-int, mul-int, div-int,

rem-int, and-int, or-int, xor-int,

shl-int, shr-int, ushr-int, long-to-int,

add-long, sub-long, mul-long, div-long,

rem-long, and-long, or-long, xor-long,

shl-long, shr-long, ushr-long, int-to-long
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(1) ໋ྩྻੜͷྲྀΕ

0001: const v0, 0x0

0002: sput v0, Lseed;.i0:I

0003: return-void

(a) clinit

0001: move-object v0, v2

0002: move-object v1, v0

0003: invoke-direct {v1}, Ljava/lang/Object;.<init>:()V // main

0004: return-void

(b) init

0001: sget v16, Lseed;.i0:I

0002: const v17, 0x3

0003: const v19, 0x4

0004:

0005: add-int v18, v17, v16

0006: sub-int v16, v19, v18

0007:

0008: sget-object v0, Ljava/lang/System;.out:Ljava/io/PrintStream;

0009: const-string v2, "OK"

0010: const-string v3, "NG"

0011:

0012: const v6, 0x1

0013: move/16 v8, v16

0014: if-ne v8, v6, +0006

0015: invoke-virtual {v0, v2}, Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

0016: goto +0004

0017: invoke-virtual {v0, v3}, Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

0018:

0019: const v6, 0x3

0020: move/16 v8, v18

0021: if-ne v8, v6, +0006

0022: invoke-virtual {v0, v2}, Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

0023: goto +0004

0024: invoke-virtual {v0, v3}, Ljava/io/PrintStream;.print:(Ljava/lang/String;)V

0025: return-void

(c) main

(2) όΠτίʔυ

ਤ 4: όΠτίʔυͷੜ

3. ໋ྩྻͷ༰ʹԠ֤ͯ͡ηΫγϣϯͷใΛमਖ਼͢Δ.

ςϯϓϨʔτͱͳΔ DEX ϑΝΠϧਤ 5 ʹࣔ͢ Java ϓϩ

άϥϜΛίϯύΠϧ͢Δ͜ͱʹΑΓಘΔ. ΫϥεϑΟʔϧυͷ

ఆٛఆจྻࣈͷग़ྗΛ͏ߦ Java ϓϩάϥϜ͔Β, ͦΕΒ

ͷใ (OK, NG ͷఆจྻࣈσʔλ, ϓϦϯτग़ྗʹඞཁͳΦ

ϒδΣΫτ) Λ֤ηΫγϣϯʹ֨ೲͨ͠ DEX ϑΝΠϧΛ༻

ҙ͢Δ.

͜ͷ Java ϓϩάϥϜ͔Βੜ͞ΕΔ DEX ϑΝΠϧͷςϯ

ϓϨʔτ, ਤ 5 ͷ 0003∼0024 Ͱఆ͍ٛͯ͠Δߦ 20 ͷݸ

ΫϥεϑΟʔϧυͷใ, 0027∼0028 ͷग़ྗྻࣈͷఆจߦ

ʹඞཁͳใΛอ͍ͯ࣋͠Δ. ຊख๏Ͱ͜ΕΛར༻ͯ͠࠷େ

20 มఆٛϒϩοΫͭ࣋ͷΫϥεϑΟʔϧυΛݸ (1) Λੜ

͢Δ.

ੜ໋ͨ͠ྩྻͷૠೖ, ςϯϓϨʔτ໋͕ͭྩྻΛ্ॻ

͖͢ΔܗͰ͏ߦ. ໋ྩྻͷૠೖʹΑΓ, σʔλͷΦϑηοτ

͕มԽͨ͠Γ, ϝιουͷαΠζ༻͢ΔϨδελͷ͕ม

Խ͢ΔͷͰ, ૠೖ໋ͨ͠ྩྻͷ༰ʹ߹Θ֤ͤͯηΫγϣϯͷ

ใΛमਖ਼͢Δ.

͜ͷํ๏Ͱੜͨ͠ DEX ϑΝΠϧඞͣϕϦϑΝΠΞΛ௨

ա͢Δ.

4. ࣮ ݧ ݁ Ռ

ఏҊख๏ʹͮ͘جςετγεςϜΛ Perl 5.24.1 Ͱ࣮ͨ͠.

ຊγεςϜ Mac OS, Ubuntu Linux Ͱಈ͢࡞Δ.

ද 2 ʹࣔ͢ Android 8.0 (x86 64) ͱ Android 6.0 (ARM)

Ͱಈ͢࡞Δ 2 ͭͷԾϚγϯʹରͯ͠, ຊख๏ʹΑΔϥϯμϜ

0001: class seed {

0002:

0003: // int vars

0004: static int i0 = 0;

0005: static int i1 = 0;

0006: static int i2 = 0;

0007: final static int i3 = 0;

0008: final static int i4 = 0;

0009: final static int i5 = 0;

0010: volatile static int i6 = 0;

0011: volatile static int i7 = 0;

0012: volatile static int i8 = 0;

0012: volatile static int i9 = 0;

0013:

0014: // long vars

0015: static long l0 = 0;

0016: static long l1 = 0;

0017: static long l2 = 0;

0018: final static long l3 = 0;

0019: final static long l4 = 0;

0020: final static long l5 = 0;

0021: volatile static long l6 = 0;

0022: volatile static long l7 = 0;

0023: volatile static long l8 = 0;

0024: volatile static long l9 = 0;

0025:

0026: public static void main(String[] args){

0027: System.out.print("OK\n");

0028: System.out.print("NG\n");

0029: }

0030: }

ਤ 5: ςϯϓϨʔτੜ༻ Java ϓϩάϥϜ

ςετΛద༻ͨ͠. ද 2 ʹ͓͚Δ “CPU” λʔήοτ, “An-

droid” όʔδϣϯ, “VM”  ART ͷόʔδϣϯ, “Option”

 dex2oat ͷ࠷దԽΦϓγϣϯͰ͋Δ.

͜ͷ࣮ݧʹ͓͍ͯੜ͢Δ DEX ϑΝΠϧ, 16380 ݸ (ͭ

·Γ v0∼v16379 Ϩδελ) ͷϨδελΛ༻͠, ͦͷ͏ͪ 30
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ද 2: ରݧ࣮

CPU Android VM Option

A x86 64 8.0 ART 2.1.0 Optimizing

B ARM 6.0 ART 2.1.0 Optimizing

ද 3: ςετ݁Ռ
(A) x86 64 (emulator)

௨ա ؒ࣌ [h]
ग़Τϥʔݕ

verify quicken speed everything

100.0% 25.1 0 0 0 0

(B) ARM (Nexus 7 2013)

௨ա ؒ࣌ [h]

ग़Τϥʔݕ

interpret-
balanced speed everything

only

100.0% 31.7 0 0 0 0

ςετ: 10,000

CPU: Intel Core i3-4010U CPU @1.70GHz x 4

ද 4: ϨδελΞΫηεͷൺֱ

Ϩδελ
Ϩδελ൪߸

খ࠷ େ࠷

จݙ [3] ͷख๏ 345.6 0.0 490.0

ຊख๏ 1197.8 0.0 16367.9

.ͨͬߦর߹Λظ͍ͯͭʹͷϨδελݸ ·ͨ, ֤ DEX ϑΝ

Πϧʹ໋͍ͭͯྩͷੜͷૢ࡞ 800 ճͨͬߦ.

ݧ࣮ Ubuntu (Intel Core i3-4010U CPU @1.70GHz x 4)

Ͱͨͬߦ. ςετੜ෦͕ Ubuntu ্Ͱੜͨ͠ DEX ϑΝΠ

ϧΛ, adb (Android Debug Bridge) πʔϧΛ༻͍ͯͦΕͧΕ

ͷλʔήοτʹసૹ͠, .ͨ͠ߦ࣮ ςετରͷ Android 8.0

(x86 64)ຊγεςϜͱಉ͡ Ubuntu্Ͱಈͨͤ͞࡞ Android

ΤϛϡϨʔλ, 6.0 (ARM)  λϒϨοτͷ Nexus 7 ͷ

2013 Ϟσϧ (Qualcomm Snapdragon S4 Pro 8064 ΫΞου

ίΞ, 1.5 GHz) Λ༻ͨ͠.

ͷ݁ՌΛදݧ࣮ 3 ʹࣔ͢. “௨ա” ςετͨ͠ DEX ϑΝ

Πϧͷ͏ͪϕϦϑΝΠΞΛ௨աׂͨ͠߹, ςετʹཁ”ؒ࣌“

,ؒ࣌ͨ͠ ग़ͨ͠ͰϑΟϧλϦݕग़Τϥʔ”ΤϥʔΛݕ“

ϯάΦϓγϣϯຖʹ͍ࣔͯ͠Δ. ͲͪΒͷ݅ͰΤϥʔΛݕ

ग़͢Δ͜ͱͰ͖ͳ͔͕ͬͨ, ఏҊख๏Ͱੜͨ͠ DEX ͷϕ

ϦϑΝΠΞͷ௨ա 100 % Ͱ͋ͬͨ.

ຊख๏ͱจݙ [3] Ͱੜ͞ΕΔόΠτίʔυͷϨδελΞΫ

ηεͷൺֱΛද 4 ʹࣔ͢. “Ϩδελ”  DEX ϑΝΠϧ

Ͱ༻͢ΔϨδελͷͷฏۉ, “Ϩδελ൪߸” όΠτίʔ

υͰ༻͞ΕͨϨδελ൪߸ͷൣғ (Ϩδελ൪߸ͷ࠷খ͓

Αͼ࠷େͷฏۉ) Ͱ͋Δ. ੜͨ͠ DEX ϑΝΠϧͷͦ

ΕͧΕ 50 ,Ͱ͋Γݸ όΠτίʔυͷن 800 ԋࢉఔͰ͋

Δ. จݙ [3] ͷख๏ʹൺຊख๏, ғ͔ͭଟ͘ͷϨδελൣ

ʹΞΫηε͢ΔςετέʔεΛੜͰ͖͍ͯΔ.

ΤϥʔΛݕग़Ͱ͖ͳ͔ͬͨҰҼͱͯ͠, ຊख๏ͰੜͰ͖Δ

DEX ϑΝΠϧͷόΠτίʔυͷن͕খ͍͜͞ͱ͕͛ڍΒΕ

Δ. dex2oat ϝιουຖʹ༻͢ΔϨδελͷ͓ΑͼόΠ

τίʔυͷ͕͞ҰఆҎ্ͷ߹, ωΠςΟϒίʔυͷม

(͓Αͼ࠷దԽ) ΛߦΘͳ͍. ʹػదԽ࠷ͳίϯύΠϥߴ

ෆ۩߹ΛؚΉ͜ͱ͕ଟ͍ [11] ͕, ͜ΕΛςετ͢Δͷʹेͳ

.ͷόΠτίʔυ͕͜ͷ੍ͷͨΊʹੜͰ͖͍ͯͳ͍ن ͜

ΕΛղܾ͢ΔͨΊʹ, ෳͷϝιουΫϥε, Πϯελϯε

ΛΈ߹ΘͤͯෳࡶͳόΠτίʔυΛੜ͢Δ͜ͱ͕ඞཁͱߟ

͑ΒΕΔ.

·ͨ, ੜ͢ΔϓϩάϥϜࣗମʹվྑͷ༨͕͋Δ. ຊख

๏Ͱ, ,ΔϨδελ൪߸͢༺ Φϖϥϯυͷ༻Մ

ͳൣғ͔Β୯७ʹϥϯμϜʹܾఆ͍ͯ͠Δ. Orange4 [12] Ͱ

քͷൺॏΛେ͖ͯ͘͠Λબ͢Δ͜ͱʹΑΓίϯύΠϥڥ

ͷ࠷దԽͷෆ۩߹ͷݕग़ྗ্͕͢Δ͜ͱ͕ใ͞ࠂΕ͍ͯΔ

ͨΊ, ͜ͷΑ͏ͳબ๏Λ࠾༻͢Δඞཁ͕͋Δͱ͑ߟΒΕΔ.

·ͨ, ಈతʹΫϥεϑΟʔϧυΛੜ͠म০ࢠΛΈ߹Θͤͨ

Γ, ݅ذϧʔϓͷߏจతཁૉΛՃ͢ΔʹΑΓ, όΠ

τίʔυΛΑΓෳࡶʹ͢Δඞཁͱ͑ߟΒΕΔ.

5. Ή ͢ ͼ

ຊߘͰ, ਖ਼ͳ DEX Λੜ͠, Android ԾϚγϯͷϥ

ϯμϜςετΛ͏ߦख๏ΛఏҊͨ͠. ,ͷ݁Ռݧ࣮ Android 6.0

͓Αͼ 8.0 Ͱಈ͢࡞Δ ART ʹ͓͍ͯ, ෆ۩߹Λݕग़͢Δ͜ͱ

͕Ͱ͖ͳ͔͕ͬͨ, ඞͣϕϦϑΝΠΞΛ௨ա͢Δ DEX ϑΝΠ

ϧΛੜ͢Δ͜ͱ͕Ͱ͖ͨ.

,ͷ՝ͱͯ͠ޙࠓ ෳͷΫϥε, Πϯελϯε, ϝιου

Λ༻͍ͨόΠτίʔυͷنͷ֦େ, ΫϥεϑΟʔϧυͷཁૉ

ͷಈతͳੜߏจతཁૉͷՃʹΑΔෳࡶͳ DEX ϑΝΠ

ϧͷੜ͕͛ڍΒΕΔ.

ँࣙ

ຊྗڠͯؔ͝͠ʹڀݚ, ͝౼ֶ͍ٞͨؔӃେֶཧֶ෦

ੴӜࣨڀݚͷॾँײʹࢯக͠·͢.
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