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◊✲ᡂᯝࡢᴫせ㸦ᩥ㸧㸸 㐃⥆࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐࡿࡍ㧗㏿࣭㧗ᗘ࣮ࣥࢱࣃ࡞↷ྜᢏ⾡ࡼ࠾

ᡭἲࣝࣞࣛࣃࢺࢵࣅ㸪ࡣ࡚࠸ࡘ⪅㸬๓ࡓࡗ⾜ࢆ✲◊࡚࠸ࡘ⾡ᅽ⦰ᢏࢱ࣮ࢹࡢࡵࡓࡢࡑࡧ

ᇶ࡙ࡓ࠸㸪ከḟඖ࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐࡿࡍ」㞧ࢆ࢚ࣜࢡ࡞チ࣒ࢬࣜࢦࣝྜ↷࣮ࣥࢱࣃࡍ

BPS (Bit-Parallel on Streams)ࢆᥦࡓࡋ㸬ࡾࡼࢀࡇ㸪ᩥᏐሗࡎࡽ࡞ࡳࡢ㸪ᩘ್ࡸࢱ࣮ࢹ

ศ㢮ࡀ࡞ࢱ࣮ࢹ」㞧࣒࣮ࣜࢺࢫࢱ࣮ࢹࢆ࢚ࣜࢡࡓࡗࡉࢃྜࡳ⤌ᑐࡿࡁ࡛ࡀࡇ࠺⾜࡚ࡋ

ࢱࣃ㸪ࡓ࠸ᇶ࡙㸪VF➢ྕ㸦Variable-to-fixed-length code㸧ࡣ࡚࠸ࡘ⪅㸬ᚋࡓࡗ࡞࠺ࡼ

ᅽ⦰ἲࢱ࣮ࢹࡢ᪂つࡓࡋ㐺ྜ↷࣮ࣥ STVF➢ 㸦ྕSuffix Tree based VF coding㸧ࢆ㛤Ⓨࡓࡋ㸬

ࢻ࣮࣮࣡࢟ࡢ㸪ᩥ᭩୰ࡶࡽࡀ࡞ࡋ㐩ᡂࢆ⋠⦰ᅽࡢᗘ⛬ྠᅽ⦰ἲ࡞ⴭྡࡢ㸪᪤Ꮡࡣᅽ⦰ἲࡢࡇ

᳨⣴ࡀ㧗㏿࣭⡆౽࠺࠸ࡿ࠼⾜ඃࡓࢀ≉ᚩࢆᣢࡘ㸬 
 
◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸 I have studied high speed and advanced pattern matching over 
continuous data streams and also about compression technique for realizing that. For the 
former, I have proposed a pattern matching algorithm, named BPS, which is based on 
bit-parallel techniques and allows complex queries for multi-dimension data streams. By 
the algorithm, we can search over data streams for queries that highly combined with 
numerical data and categorical data as well as text data. For the latter, I have developed a 
novel data compression method, named STVF coding, which is based on VF coding and 
suitable for pattern matching. The method has a good feature of allowing doing keyword 
search in simple and quick manners, as it gains high compression ratios as well as existent 
well-known compression methods. 
 
 
Ỵᐃ㢠 
                               㸦㔠㢠༢㸸㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 

2008ᖺᗘ 1,200,000 360,000 1,560,000 

2009ᖺᗘ 1,300,000 390,000 1,690,000 

2010ᖺᗘ 800,000 240,000 1,040,000 

ᖺᗘ    

  ᖺᗘ    

⥲ ィ 3,300,000 990,000 4,290,000 
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ㄢ㢟␒ྕ㸸 20700001 

◊✲ㄢ㢟ྡ㸦ᩥ㸧 㐃⥆࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐࡿࡍ㧗ᗘࡢྜ↷࣮ࣥࢱࣃ࡞◊✲ 

 

◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧 Studies on Advanced Pattern Matching over Continuous Data Streams 

 

◊✲௦⾲⪅ 

႐⏣ ᣅஓ㸦KIDA TAKUYA㸧 

ᾏ㐨Ꮫ࣭Ꮫ㝔ሗ⛉Ꮫ◊✲⛉࣭ᩍᤵ 

◊✲⪅␒ྕ㸸 70343316 



    

㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 
㧗㏿ࢺࢵࢿ࣮ࢱࣥᢏ⾡ᐜ㔞グ᠈

⨨ᢏ⾡ࡢ㐍ᒎక࠸㸪⭾࡞㔞ࡢᶵᲔྍㄞ࡞
ᩥ᭩ࡀ⏕ᡂࢀࡉ㸪ࡓࡲὶ㏻ࡓࡗ࡞࠺ࡼࡿࡍ㸬
ಶேࡀᣢࡘ㟁Ꮚ࣓࣮ࣝࡸࣈ࣮࢝ࡢ⚾ⓗ
ᐜࡢࢺࣂ࢞ࢠ࠼ࡉ࡛ࢫ࣮࣋ࢱ࣮ࢹሗ࡞
㔞ࢆᚲせࡿ࠸࡚ࡁࡋ㸬࡚ࡗࡀࡓࡋ㸪ຠ⋡ࡢ
ࢱࣃ㸬ࡿ࠶ᚲ㡲࡛ࡣ㛤Ⓨࡢ⾡ሗ᳨⣴ᢏ࠸ࡼ
࣮ࣥ↷ྜᢏ⾡ࡣሗ᳨⣴ࡢ㔜せ࡞ᇶᮏᢏ⾡
ࡽ⪅✲◊ࡢࡃከࡶ࡛ࡲࢀࡇ㸪ࡾ࠶࡛ࡘ୍ࡢ
 㸬ࡿ࠸࡚ࢀࢃ⾜ࡀ✲◊࡚ࡗࡼ

ࢹࢺࢫ࢟ࢸ㸦ࢱ࣮ࢹ᭩ᩥࡢ㔞࡞࠺ࡼࡢࡇ
ࢫࢥ㏻ಙࡢࡑࡣ࠸ࡿ࠶ࢺࢫࢥ㸪ಖᏑࡣ㸧ࢱ࣮
ࡇࡿࢀࡉಖᏑ࡚ࡋ⦰ᅽࡵࡓࡿࡍపῶࢆࢺ
ࢺࢫ࢟ࢸ⦰ᅽ࡞࠺ࡼࡢࡇ㸪࡛ࡇࡑ㸬࠸ከࡀ
ࡿࡍᒎ㛤ࢱ࣮ࢹ᭩ᩥࡢඖࢆࢀࡑ㸪࡚ࡋᑐ
⾜ࢆ㸧ྜ↷࣮ࣥࢱࣃ⣴㸦᳨ࡢᏐิᩥࡃ࡞ࡇ
ࡇࡣࡽ⪅㸪⏦ㄳࡋᑐࢀࡇ㸬ࡓࡌ⏕ࡀせồ࠺
㸪LZW࡛ࡲࢀ ᅽ⦰ἲᑐ࣮ࣥࢱࣃࡿࡍ↷ྜ
ࡸ㸦Kida㸪1998㸧࣒ࢬࣜࢦࣝ Byte pair 
encoding (BPE)ᅽ⦰ἲᑐࢬࣜࢦࣝࡿࡍ
≉㸬ࡓࡁ࡚ࡋ㛤Ⓨࢆ㸦Shibata㸪2000㸧࣒
ࢦࣝྜ↷࣮ࣥࢱࣃࡿࡍᑐ㸪BPEᅽ⦰ἲ
ࢫ࢟ࢸ᭩ᩥࡢඖ࠸࡞࠸࡚ࡋ⦰㸪ᅽࡣ࡛࣒ࢬࣜ
㸪࡚ẚሙྜࡿࡍྜ↷࣮ࣥࢱࣃ࡚ࡋᑐࢺ
ࢆྜ↷࣮ࣥࢱࣃ㛫࡛ࡢᅽ⦰⋡⛬ᗘࡑࡼ࠾
㸪BPEᅽ⦰ἲࡕࢃ࡞ࡍ㸬ࡓࡋ♧ࢆࡇࡿ࠼⾜
 㸬ࡿ࠼࠸ࡿࡍ㧗㏿ࢆ⌮ฎྜ↷࣮ࣥࢱࣃࡣ

ࡸࣝࣇ㸪XMLࡣ᪉୍࡛ࡓࡲ HTMLࣇ
ࢆᮌᵓ㐀ࡓࡋ༢ࢆࢢࢱ㸪࡞࠺ࡼࡢࣝ
ෆ㒊⾲⌧ᣢ༙ࡘᵓ㐀ࢱ࣮ࢹᩥࡿࢀࡤ
᭩ࡀࢱ࣮ࢹᛴቑࡋ㸪༙ࡽࢀࡇᵓ㐀ࢱ࣮ࢹᑐ
ᚲ࠺⾜ࢆྜ↷࣮ࣥࢱࣃࡓࡋ៖⪄ࢆᵓ㐀࡚ࡋ
せࡀฟ࡚ࡓࡁ㸬࡛ࡲࢀࡇ㸪༙ᵓ㐀ࢱ࣮ࢹᑐ
࢟ࢸࡢ㸪୍᪦ඖࡣ࠺⾜ࢆྜ↷࣮ࣥࢱࣃ࡚ࡋ
࡞ࡤࢀࡅ࡞ࡋᢳฟࢆᮌᵓ㐀ࡽࢱ࣮ࢹࢺࢫ
㠀ࡣ᪉ἲ࡛ࡢࡇ㸪ࡽࡀ࡞ࡋࡋ㸬ࡓࡗ࡞ࡽ
ᖖ㛫ୖࡿࡀᕧࢆ࣓ࣜࣔ࡞ᚲせ
࡚ࡋᑐࢱ࣮ࢹࢺࢫ࢟ࢸࡢ㸪㔞ࡵࡓࡿࡍ
ᐇ⏝ⓗ࡛ࡓࡗ࡞ࡣ㸬ࢀࡇᑐ࡚ࡋ㸪⏦ㄳ⪅
ࣃ㏿㧗ࡋ࡞ࡇࡿࡍᢳฟࢆ㸪ᮌᵓ㐀ࡣࡽ
㸦Takedaࡓࡋ㛤Ⓨࢆᡭἲ࠺⾜ࢆྜ↷࣮ࣥࢱ
㸪2002㸧㸬 

㛵ሗࢺࢫ࢟ࢸࡢศ㔝࡞ࠎ㸪ᵝࡣࡽࡉ
࠸ศ㢮㝵ᒙࡸࢫ࣮ࣛࢯࢩࡀ㆑య⣔▱ࡿࡍ
࠺ࡼࡿධᡭࢀࡉࢫ࣮࣋ࢱ࣮ࢹᙧ࡛ࡓࡗ
༢ࢆࢱ࣮ࢹࢺࢫ࢟ࢸ㸪ࡽࡇࡓࡁ࡚ࡗ࡞
㛵ࢀࡑ㸪ࡃ࡞ࡣ࡛ࡢ࠺ᢅ࡚ࡋᏐิᩥࡿ࡞
࣮ࢱࣃ࡞㞧「ࡓࢀ࠸៖⪄ࢆᬒ▱㆑⫼ࡿࡍ
㸦Kida㸪ࡓࡁ࡛ࢇ⤌ࡾྲྀࡶ࡚࠸ࡘྜ↷ࣥ
2004㹼㸧㸬ࡕࢃ࡞ࡍ㸪ࡢࢺࢫ࢟ࢸࡣࢀࡇព
ⓗ࡞ᵓ㐀ࢆ⪃៖ࡢྜ↷࣮ࣥࢱࣃࡓࡋᢏ⾡࡛
 㸬ࡿ࠶

⾡ᢏྜ↷࣮ࣥࢱࣃ㸪ࡣ⪅㸪⏦ㄳ࠺ࡼࡢࡇ
⤌ࡾྲྀ㧗ᗘࡧࡼ࠾㧗㏿ࡢࡑ࡚ࡋ㛵
 㸬ࡓࡁ࡛ࢇ

㏆ᖺ㸪⮬ື ᐃᢏ⾡ࡢⓎᒎࡾࡼ㸪ࢧࣥࢭ

ࢺࢫࢱ࣮ࢹ⥆㐃ࡢ࡞㏻ಙグ㘓ࡸࢱ࣮ࢹ࣮
㔜せࡀ⌮ฎࢱ࣮ࢹつᶍࡿࡍᑐ࣒࣮ࣜ
ࢱ࣮ࢹࡢᆺ࣒࣮ࣜࢺࢫࡓࡋ࠺ࡇ㸬ࡿ࠸࡚ࡗ࡞
ᩥ࡞ሙྜ㸪༢⣧࠺⾜ࢆྜ↷࣮ࣥࢱࣃ࡚ࡋᑐ
Ꮠิࡿ࡞␗ࡣྜ↷ࡢᅔ㞴ࡿ࠶ࡀࡉ㸬➨୍㸪
ධຊࢱ࣮ࢹ⣔ิྛࡢせ⣲ࡣ㸪᳨⣴ࡢ࣮ࣥࢱࣃ
ྛせ⣲ᑐࡿ࠶࡚ࡋ⛬ᗘࡢㄗᕪࢆチ୍࡚ࡋ
ࢆᛶ㉁ࡿࡍ⮴୍㸪ཝᐦࡃࡼࡤࢀ࠸࡚ࡋ⮴
㐺ࡣ࡛ࡲࡲࡢࡑࡀ⾡ᢏࡢྜ↷Ꮠิᩥࡓࡋ⏝
࠸࠾⛬㐣ࡢ⌮㸪↷ྜฎ㸬➨࠸࡞ࡁ࡛⏝
ࢹࡢ㐣ཤࡓࡲ㸪ࢀࡉせồࡀᛶ࣒ࢱ࡚ࣝࣜ
࠶ᅔ㞴࡛ࡀࡇࡿࡍࢫࢭࢡ࡚ࡋᑐࢱ࣮
 㸬ࡿࢀࡽࡆᣲࡀࡇࡿ

ሙྜࡢᐇᩘࡣࢱ࣮ࢹࡿࢀࡉࢢࣥࣜࣉࣥࢧ
ิࡢᩘᩚࡵࡓࡢ⡆༢ࡣ࡛ࡢࡇ㸪ࡀ࠸ከࡀ
ࡸ㸬Harada[2002]ࡿ࠸࡚ࡋ Sadri-Zaniolo 
Ꮠิ↷ྜᡭἲ࡛ᩥࡓࢀࡽ▱ࡃࡼ㸪ࡣࡽ[2001]
ࡿ࠶ KMPἲࡧࡼ࠾ BMἲࢆ㛵ಀࢺࢫࢱ࣮ࢹ
ࢆᡭἲࡿࡍ⏝㐺ྜ↷࣮ࣥࢱࣃࡢୖ࣒࣮ࣜ
ᥦࡓࡋ㸬ࡢࡽࢀࡑᡭἲ࡛ࡣ㸪࣮ࣥࢱࣃ୰ࡢ
㏙ㄒ㛫ࡢ౫Ꮡ㛵ಀࢆ㟼ⓗゎᯒ࡛ࡇࡿࡍ
ᐇ⾜ࡢ㧗㏿ࢆᅗࡿ࠸࡚ࡗ㸬ࡽࡀ࡞ࡋࡋ㸪
㛗࣮ࣥࢱࣃࡀ㛫ィ⟬㔞ࡢᝏ᭱ࡣࡽࢀࡇ
mࢺࢫ࢟ࢸ㛗nᑐ࡚ࡋO(mn)㛫࡛ࡾ࠶㸪
Naïve࡞ᡭἲኚ࠸࡞ࡽ㸬ࡓࡲ㸪ඖࡓࡋ
࠸ࡋஈࡶ㸪ᣑᙇᛶࡵࡓࡢไ⣙ࡢ࣒ࢬࣜࢦࣝ
 㸬ࡿ࠶ࡀḞⅬ࠺࠸

㸪࠸㧗ࡀᰂ㌾ᛶࡘ㏿㸪㧗ࡽἣ≦ࡓࡋ࠺ࡇ
ᐇ⏝ࡢ࣒ࢬࣜࢦࣝࡿ࠺࠼⪏㛤Ⓨࡀษᮃ
 㸬ࡿ࠸࡚ࢀࡉ
 
㸰㸬◊✲ࡢ┠ⓗ 

ᮏ◊✲࡛ࡣ㸪㐃⥆࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐࡍ
┠ࢆ❧☜ࡢ⾡ᢏྜ↷࣮ࣥࢱࣃ࡞㧗㏿࣭㧗ᗘࡿ
ᣦࡿ࠸࡚ࡋ㸬ලయⓗࡣ㸪㐃⥆ࣜࢺࢫࢱ࣮ࢹ
ᐃᘧࢆᙧᘧࡢ࣮ࣥࢱࣃ⣴᳨ࡓࡋ㐺࣒࣮
ࣝྜ↷ࡘᣢࢆィ⟬㔞ࡓࢀࡄࡍ㸪⌮ㄽⓗࡋ
㸪ࡋᐇᐇ㝿࡚ࡋࡑ㸬ࡿࡍ㛤Ⓨࢆ࣒ࢬࣜࢦ
 㸬ࡿࡍᐇドࢆ⬟ᛶࡢ࣒ࢬࣜࢦࣝ

⏦ㄳ⪅ࡣࡽ᪤㸪ྂⓗᩥ࡞Ꮠิ↷ྜᡭἲ
ࡿ࠶࡛ KMPἲࡸ BMἲ࠼⪄ࡿ࡞␗ࡣ᪉
ᇶ࡙ࡓ࠸㸪ࣝࣞࣛࣃࢺࢵࣅᡭἲࡿࢀࡤ↷
ྜᡭἲࢆ㐃⥆࣮ࢱࣃࡢୖ࣒࣮ࣜࢺࢫࢱ࣮ࢹ
ྜ↷࠸ࡼࡢ⋠ຠ㸪⌮ㄽⓗࡋ⏝㐺ྜ↷ࣥ
㸦Saito㸪2007㸧㸬ࡿ࠸ᚓ࡚ࡘ୍ࢆ࣒ࢬࣜࢦࣝ
ᅇࡢ◊✲ᮇ㛫ෆࡣ㸪ࢆ࣒ࢬࣜࢦࣝࡢࡇ
ඖ௨ୗ࡞࠺ࡼࡢᣑᙇࢆㄢ㢟ࡿࡍ㸬 

㸯㸧」ᩘࡢᮏᩘྠࡀ࣒࣮ࣜࢺࢫࢱ࣮ࢹࡢ
 㸬ࡿࡍᑐᛂἣ≦ࡿࡃ࡚ࢀὶ

㸰㸧」ᩘྠࢆ࣮ࣥࢱࣃࡢࡍ⬟ྍྜ↷
 㸬ࡿ

㸱㸧࣮ࣥࢱࣃᑐ࡚ࡋ㸪⣔ิ᪉ྥከᑡ
 㸬ࡿࡍ⬟ྍࢆ⮴୍ࡓࡋチࢆ⦰ఙࡢ

ᛂࡢᐇၥ㢟࠸㸪ᖜᗈࡾࡼᣑᙇࡓࡋ࠺ࡇ
࣮ࣥࢱࣃ࡞㞧「ࡾࡼ㸪ࡓࡲ㸬ࡿ࡞⬟ྍࡀ⏝
ࢆㄽⓗゎᯒ⌮ࡢࡑ㸪ࡋウ᳨࡚࠸ࡘᣑᙇࡢ
ࢆ࣒ࢬࣜࢦࣝࡓࡋ㸪ୖ㏙ࡣ㸬᭱⤊ⓗ࠺⾜



ᐇ㝿ᐇࡋ㸪ࣥࣉ࣮࢜⏝ྍ⬟࣮ࢱࣃ࡞
 㸬࠺⾜ࢆഛᩚࡢࣜࣛࣈࣛྜ↷ࣥ
 
㸱㸬◊✲ࡢ᪉ἲ 

ᮏ◊✲࡛ࡣ㸪࡛ࡲࢀࡇ⏦ㄳ⪅ࢆ✲◊ࡀࡽ㐍
ࡓ㸪᪂ࡁᇶ࡙⾡ᢏྜ↷࣮ࣥࢱࣃࡓࡁ࡚ࡵ
㐃⥆࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐࡿࡍ㧗㏿࣭㧗ᗘ࡞
࡚ࡋⓗ┠ࢆࡇࡿࡍ㛤Ⓨࢆྜ↷࣮ࣥࢱࣃ
࡚࠸ࡘ┠㡯ࡢࡘࡢ㸪௨ୗࡵࡓࡢࡑ㸬ࡿ࠸
 㸬࠺⾜ࢆ✲◊
ྠࡀ࣒࣮ࣜࢺࢫࢱ࣮ࢹࡢᮏᩘࡢᩘ「 (1)
 ᑐᛂ㸬ࡢἣ≦ࡿࡃ࡚ࢀὶ

ࡢ࣒࣮ࣜࢺࢫࢱ࣮ࢹ㸪ࡣ࡛✲◊ࡢ࡛ࡲࢀࡇ
㸪ࡕࢃ࡞ࡍ㸪ࡢࡶ࡞ᇶᮏⓗࡶ࡚᭱ࡋࣝࢹࣔ
༢୍ࡢᐇᩘ್ࡀࢱ࣮ࢹ㛫ࡈධຊࢀࡉ
࡞㟈ᗘࡸ 㸬Ẽࡓࡁ࡚ࢀࢃᢅࡀࡳࡢሙྜࡿ
ࡑࡣ࡚ࡋᑐ࣒࣮ࣜࢺࢫࢱ࣮ࢹࡢḟඖ୍ࡢ
ࢱ࣮ࢹ㏿㢼ྥ࣭㢼ࡤ࠼㸪ࡀࡿ࠶༑ศ࡛࡛ࢀ
࠺ࡼࡢࢱ࣮ࢹࣥࣙࢩ㸪࣮ࣔࢱ࣮ࢹከ㔜㡢ኌࡸ
୍ࡣ࡚ࡋᑐ࣒࣮ࣜࢺࢫࢱ࣮ࢹࡢከḟඖ࡞
ḟඖ⏝㛤Ⓨࢆ࣒ࢬࣜࢦࣝࡓࡋ༢⣧ࡣ
㐺⏝࡛࠸࡞ࡁ㸬ࡓࡲ㸪ᩘ್ࢱ࣮ࢹక࡚ࡗᒓ
ᛶ್ࡀࢱ࣮ࢹඹࡗ࡞࣒࣮ࣜࢺࢫࢱ࣮ࢹ
࡚ධຊࡿࢀࡉሙྜ࡞㸪」ᩘ✀㢮ࡀࢱ࣮ࢹࡢ
ྠὶࡓࡗ࠸ࡿࡃ࡚ࢀ≧ἣࢀࡽ࠼⪄ࡀ
࡚ࡋᑐ㏵⏝࡞ᐇ⏝ⓗࡾࡼ㸪࠺ࡼࡢࡇ㸬ࡿ
㐺⏝ࡣࡿࡍ㸪ከḟඖ࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐ
 㸬ࡿ࠶ྍḞ࡛ࡀ࣒ࢬࣜࢦࣝ࠸ࡼ⋠ຠࡿࡍ

㸪ከࡣ࡚ࡋ᪉ἲ࡞༢⣧ࡶ᭱ࡿࡍᑐࢀࡇ
ḟඖ୍ࢆ࣒࣮ࣜࢺࢫࢱ࣮ࢹࡢḟඖࣃࡈ
࣮ࢱࣃ࡚࠸࠾ḟඖࡢ࡚ࡍ㸪ࡋྜ↷࣮ࣥࢱ
ࡽ࠼⪄ࡀ᪉ἲࡿࡍฟ᳨ࢆ㒊ศࡿࡍ⮴୍ࡀࣥ
ࡑḟඖᩘಸࡣ࡛ࢀࡇ㸪ࡽࡀ࡞ࡋࡋ㸬ࡿࢀ
㸬୍࠸࡞ࡵᮃࡀ㧗㏿ࡾࡀ㛫ࡢ௨ୖࢀ
᪉࡛㸪ከḟඖ୍ࢆࢱ࣮ࢹḟඖീࡇࡿࡍ
್ࡢࢱ࣮ࢹ㸪ධຊࡀࡿ࠶ࡶ᪉ἲ࠺⾜ࢆྜ↷࡛
ᇦࡀⳘࡾࡤࡿ࡞㸪᳨⣴ࡀ࣮ࣥࢱࣃ」
㞧࠸ࡲࡋ࡚ࡗ࡞ࡢࡶ࡞㸪ྜ↷࣮ࣥࢱࣃᚲ
せࡿ࡞⿵ຓ㡿ᇦࡀ⇿Ⓨⓗቑ࠺ࡲࡋ࡚࠼
㏙ㄒࡢ࣮ࣥࢱࣃ㸪࡚࠼㸬ຍࡿ࠶ࡀḞⅬ࠺࠸
㛫ࡢ౫Ꮡ㛵ಀࡶ」㞧࠺ࡲࡋ࡚ࡗ࡞ࡢࡶ࡞
 㸬ࡿࡍపୗࡶ㸪↷ྜ㏿ᗘࡵࡓ

ࢺࢫࢱ࣮ࢹ㸪ከḟඖࡋゎỴࢆၥ㢟ࡓࡋ࠺ࡇ
ࢱࣃ࠸ࡼࡢ⋠ᑡ࣓࡛ࣔࣜຠࡿࡍᑐ࣒࣮ࣜ
㸬⌧ᅾࡍᣦ┠ࢆ㛤Ⓨࡢ࣒ࢬࣜࢦࣝྜ↷࣮ࣥ
ࡍᑐ࣒࣮ࣜࢺࢫࢱ࣮ࢹࡢ㸪ྛḟඖࢁࡇࡢ
౫㏙ㄒࡢḟඖࡢࡀ㏙ㄒࡢ୰࣮ࣥࢱࣃࡿ
Ꮡ㛵ಀ࠸࡞ࡓࡶࢆሙྜࡣ㸪࣒ࢬࣜࢦࣝ
BPS ᣑከḟඖࡘࡘ࠼ᢚࢆ㸪࣓ࣔࣜ⏝㔞ࢆ
ᙇ࡛ࡢࡇࡿࡁぢ㏻ࡿ࠸࡚ࡗ❧ࡀࡋ㸬 
(2) 㐃⥆࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐࣃᩘ「ࡿࡍ
 ↷ྜ㸬ྠࡢ࣮ࣥࢱ

㸪᳨࡚ࡋᑐ࣒࣮ࣜࢺࢫࢱ࣮ࢹ⥆㐃ࡢࡘ୍
ಶᏑᩘ「ሙྜࡢࡣ࣮ࣥࢱࣃ࠸ࡓࡋ▱
ᅾ࡛ࡢࡿࡍ㸪」ᩘ᳨ࡢ⣴ྠࢆ࣮ࣥࢱࣃ↷
ࢱࣃᩘ「㸬࠸Ⰻࡀ㒔ྜࡶᐇ⏝ⓗࡿࡁ࡛ྜ
ࣜࢦࣝྜ↷Ꮠิᩥࡿࡍྜ↷ྠࢆ࣮ࣥ

ࡣ࡚ࡋ࣒ࢬ Aho-Corasick ↷ྜᶵᲔࡀⰋࡃ
࣮ࢱࣃࢱ࣮ࢹධຊࡣࢀࡇ㸪ࡀࡿ࠸࡚ࢀࡽ▱
ࡇࡿ࠸⏝ࡋሙྜ࡛ࡿࡍ⮴୍ཝᐦࡀࣥ
 㸬࠸࡞ࡁ࡛ࡀ

ࢫࢱ࣮ࢹ㸪ධຊࡣ࡚ࡋ⟇ゎỴ࡞༢⣧ࡶ᭱
↷ࡅࡔಶᩘศࡢ࣮ࣥࢱࣃ㸪࡚ࡋᑐ࣒࣮ࣜࢺ
ࢀࡽ࠼⪄ࡀ᪉ἲࡿࡏࡽ㉮ࢆ࣒ࢬࣜࢦࣝྜ
࣮ࣥࢱࣃ㸪ࡽࡀ࡞↛ᙜࡣ࡛ࢀࡇ㸪ࡋࡋ㸬ࡿ
ࡲࡋ࡚ࡋቑࡀ㛫ྜ↷࡚ࡋẚಶᩘࡢ
࠸࡞ᑡࡀᩘ࣮ࣥࢱࣃ㸬ࡿࡌ⏕ࡀၥ㢟࠺࠸࠺
㛫ࡣ⏝ࡀ࠸࡞ࢀࡋࡶࡿ࠺࠼⪏㸪ᐇ⏝ⓗ
ࡣ Aho-Corasick ↷ྜᶵᲔྠᵝ㸪ࢱࣃ
ࡋࡲᮃࡀᡭἲ࠸࡞ࡋ౫Ꮡࡃࡿ࡞ᩘ࣮ࣥ
࣒ࢬࣜࢦࣝ㸬࠸ BPS ࣛࣃࢺࢵࣅࡿ࡞ඖࡢ
ࣞࣝᡭἲ࡛ࡣ㸪」ᩘ࣮ࣥࢱࣃᣑᙇࡿࡍᡭἲ
࠺ࡼࡌ㸪ྠࡋࡔࡓ㸬ࡿ࠸࡚ࢀࡉ❧☜᪤ࡀ
࣒ࢬࣜࢦࣝ BPS࣮ࣥࢱࣃᩘ「ࢆᣑᙇ࡛ࡁ
 㸬࠸࡞࠸࡚ࡗุࡔࡲࡣ࡚࠸ࡘ࠺ࡿ
 ᣑᙇ㸬ࡢ⌧⾲ṇつࡢ࣮ࣥࢱࣃ (3)

ᩥᏐิࡢྜ↷ࡢ࣮ࣥࢱࣃሙྜྠᵝ㸪࠶
グ㏙࡛ࢆ࣮ࣥࢱࣃ࡚ࡗࡶ࡛⌧⾲ṇつࡢ✀ࡿ
せ⣲ࡢ㸪௵ពࡤ࠼㸬࠸ࡋࡲᮃࡀࡇࡿࡁ
ࡿ࠶ࡢ࣮ࣥࢱࣃ㸪ࡸࢻ࣮࢝ࢻࣝ࣡ࡿࡍ⮴୍
㒊ศࡾ⧞ࡢ㏉ࢆࡋグ㏙࡛ࡿ࡞࠺ࡼࡿࡁ
ࣞࣛࣃࢺࢵࣅ㸬ࡿࡍୖྥࡀ౽ᛶࡢ࣮ࢨ࣮ࣘ
ࣝᡭἲ⮬యࡣ㠀ᖖᣑᙇᛶࡢ㧗ࣜࢦࣝ࠸
࣒ࢬࣜࢦࣝ㸪࡛ࡢࡿ࠶࡛࣒ࢬ BPS ᵝྠࡶ
ᣑᙇ࡛ࡀࡇࡿࡁᮇᚅ࡛ࡿࡁ㸬ࡋࡔࡓ㸪ࢵࣅ
ࡓࡗಖࢆࢫ࣐࣮࢛ࣥࣇࣃࡢᡭἲࣝࣞࣛࣃࢺ
ᗘ⛬ྠ⌧⾲ṇつࡿࡅ࠾ྜ↷㸪ᩥᏐิࡲࡲ
ᅔ㞴࡛ࡣࡇࡿࡵ㧗ࢆグ㏙ຊࡢ࣮ࣥࢱࣃ
࡞㸪ᐇ⏝ⓗ࡛ࡇࡑ㸬ࡿ࠸࡚ࡋุ᫂ࡀࡇࡿ࠶
↷ྜ㏿ᗘ࣓ࣜࣔ⏝㔞ᑐ࡚ࡋ㸪࡛ࡲࡇ
࡚࠸ࡘࡿࢀࡽࡵ㧗ࢆグ㏙ຊࡢ࣮ࣥࢱࣃ
᳨ウࡿࡍ㸬 
(4) ⣔ิ᪉ྥఙ⦰ࢆチ࣮ࣥࢱࣃࡓࡋ↷
ྜ㸬 

࣮ࣜࢺࢫࢱ࣮ࢹ⥆㐃ࡢ➼ࢱ࣮ࢹ࣮ࢧࣥࢭ
ࡿ࠶ഴྥ࡛ࡌྠࡀ᪉ࡢ㸪ኚືࡣ࡚࠸࠾࣒
ࡣ㛫㛫㝸ࡢࡑ㸪ࡶ࡚ࡗ࠶㒊ศ࡛ࡿࡏ࡞ࡳ
୍ᐃ࡛ࡀࡇ࠸࡞ከ࠸㸬ࡕࢃ࡞ࡍ㸪⣔ิ᪉
࡛ୖࡓࡋ៖⪄ࢆ⦰ఙࡢᗘ⛬ࡿ࠶࡚ࡋᑐྥ
ࡿࡁุ࡛᩿ࢆ࠺ࡿࡍ⮴୍࣮ࣥࢱࣃ
ᡭἲࡢࡵࡓࡿࡍゎỴࢆࢀࡇ㸬࠸ࡋࡲᮃࡀࡇ
࡚ࡋ Dynamic Time Warping (DTW)ἲࡃࡼࡀ
ࡿ࠸࡚࠸ᇶ࡙㸪ືⓗィ⏬ἲࡀࡿ࠸࡚ࢀࡽ▱
㸬ࡿ࠶ࡀḞⅬ࠺࠸࠸㧗ࡀࢺࢫࢥ⟭ィࡵࡓ
ࡿࡍᑐ࣒࣮ࣜࢺࢫࢱ࣮ࢹ⥆㸪㐃࡚ࡗࡀࡓࡋ
㛵ᡭἲ࡞㏿㧗ࡾࡼ㸪ࡓࡋ㐺ྜ↷࣮ࣥࢱࣃ
 㸬࠺⾜ࢆ✲◊࡚ࡋ
 
㸲㸬◊✲ᡂᯝ 

H20 ᖺᗘࡣ㸪࡛ࡲࢀࡇᚓࡓࢀࡽከḟඖࡢ
↷࣮ࣥࢱࣃࡿࡍᑐ࣒࣮ࣜࢺࢫࢱ࣮ࢹ್ᩘ
ศ㢮㝵ᒙࡸ࣒࣮ࣜࢺࢫࢱ࣮ࢹ㸪ᩥᏐิᆺྜ
ᴫᛕᆺ࣒࣮ࣜࢺࢫࢱ࣮ࢹᑐ࣮ࣥࢱࣃࡿࡍ
ࡍᑐ࢚ࣜࢡ࡞㞧「ࡾࡼ㸪ࡏࢃྜࡳ⤌ࢆྜ↷



ࡋᥦࢆࡳ⤌ᯟࡢ࣒ࢸࢫࢩྜ↷࡞ⓗྜ⤫ࡿ
 㸬ࡓ

୍᪉࡛㸪ᕧࢆࢱ࣮ࢹ࣒࣮ࣜࢺࢫ࡞ࡿ࠼
ࡶせồࡢ⾡ᅽ⦰ᢏࢱ࣮ࢹ࡞⬟⣴ྍ᳨ࡢࡵࡓ
㧗ࡾ࠾࡚ࡗࡲ㸪᳨⣴ຠ⋡ࢆಖࡘࡘࡕᅽ⦰⋡ࡢ
㧗࠸ᅽ⦰ἲࡢ㛤Ⓨࡓࡗ࡞ࡇࡴ⤌ࡾྲྀ㸬
ࡇࡿࡍ⏝ࢆ᥋ᑿ㎡ᮌࡳ㎸ࡾᯝ㸪ส⤖ࡢࡑ
࡛㸪ᅽ⦰ᚋࡢ➢ྕㄒࣃ࠺࠸࠸ࡋ➼࡚ࡍࡀ
ࡢ㸪᪤Ꮡࡘࡘ࠼ഛࢆᚩ≉ࡓࡋ㐺ྜ↷࣮ࣥࢱ
ࡽᚓࢆ⋠⦰ᅽ࠸㧗ࡶࡾࡼ࡞ྕ➢࣐ࣥࣇࣁ
ࡿࢀ STVF ➢ྕྡࡓࡅ᪂࠸ࡋᅽ⦰ἲࡢ
㛤Ⓨᡂຌࡓࡋ㸬 

H21 ᖺᗘࡣ㸪ࡢࡑ STVF ➢ྕୖ࡛ຠ⋡Ⰻࣃࡃ
ࣝ࡞㸪᪂つ࡚࠸ࡘᡭἲ࠺⾜ࢆྜ↷࣮ࣥࢱ
㸬ࡓࡋᐹ⪄ࡽ㸪⌮ㄽⓗほⅬࡋ⪄ࢆ࣒ࢬࣜࢦ
㸪STVFࡓࡲ 㸪ࡵࡓ࠺⾜ࢆᨵⰋࡿ࡞ࡽࡉࡢྕ➢
᪤Ꮡᡭἲࡢㄪᰝࡧࡼ࠾ヲ⣽࡞ᐇ㦂ࡓࡗ⾜ࢆ㸬 

H22 ᖺᗘࡣ㸪STVF ࡓࡿࡵ㧗ࢆ⋠⦰ᅽࡢྕ➢
ࢆᡭἲࡿࡍᙉ࡚ࡗࡼ⩦Ꮫࢆ㸪㎡᭩ᮌࡵ
ᥦࡋ㸪ᐇ㝿᪤Ꮡࡶ᭱ࡢⰋ࡚ࢀࡽ࠼⪄࠸
ࡿ࠶࡛࣮ࣝࢶ⦰ᅽࡿ࠸ gzip ୪ࡳᅽ⦰⋡ࢆ
㧗ࡇࡿࡵᡂຌࡓࡋ㸬ࡓࡲ㸪STVF ➢ྕୖ࡛
࠸ࡘࢫ࣐࣮࢛ࣥࣇࣃࡢሗ᳨⣴ࡢᐇ㝿ࡢ
࡚⥲ྜⓗ࡞ヨ㦂ࡓࡗ⾜ࢆ㸬 

ୖグຍ࡚࠼㸪ᮏ◊✲ᡂᯝࢫࢱ࣮ࢹ✀ྛࡢ
ࢹ㸪ᅽ⦰⏬ീࢱ࣮ࢹ㸪㡢ᴦࢢࣟࣈ㸦࣒࣮ࣜࢺ
ヨ㸪᳨ウ࡚࠸ࡘ⏝ᢏ⾡ᛂࡢ㸧࡞ࢱ࣮
㦂ⓗ࡞ᐇ㦂࠸⾜ࢆ㸪࡚࠸࠾ࢀࡒࢀࡑᐇ⏝ୖ
 㸬ࡓᚓࢆᯝ⤖࡞᭷ᮃࡢ
 
 
㸳㸬࡞Ⓨ⾲ㄽᩥ➼ 
㸦◊✲௦⾲⪅ࠊ◊✲ศᢸ⪅ཬࡧ㐃ᦠ◊✲⪅
 ୗ⥺㸧ࡣ
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