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In this paper, we propose a clustering-based bit-write-reducing and error-correcting code generation method targeting non-
volatile memories. The method is based on clustering error-correcting codewords and generates a new code which reduces
bit flipping between codewords but still has a same error-correcting ability as the original ones. Experimental results
demonstrate the efficiency of the proposed method.

1 ͡Ίʹ
ۙɼϞόΠϧثػͷීٴʹ͍ɼফඅిྗͷখ͞ͳϝ
ϞϦిݯΛͬͯهԱ༰Λอ࣋͠ଓ͚Δෆੑൃشͷ
ϝϞϦͷधཁ͕ߴ·͍ͬͯΔɽෆൃشϝϞϦߴͳಡΈ
ग़͠ɼগͳ͍ϦʔΫిྗɼ͕ੵूߴՄͰ͋Δͱ͍ͬͨར
͕͋ΔҰํɼσόΠεͷඍࡉԽʹΑΔΫϩετʔΫ์
ࣹઢͷӨڹʹΑͬͯϝϞϦʹอଘ͞Ε͍ͯΔ͕ഁյ͞Ε
͍͕ܽ͋͢Δ [10]ɽ
ϝϞϦͷΛഁյ͔ΒकΔख๏ͱͯ͠ޡΓగਖ਼ූ߸Λ༻
͍ͯϝϞϦΛߏ͢Δ͜ͱ͕͛ڍΒΕΔɽޡΓగਖ਼ූ߸Λ
༻͍ͯϝϞϦΛߏͨ͠߹ʹɼอଘ͍ͨ͠Λූ߸ޠ
ʹΤϯίʔυͯ͠ɼͦͷූ߸ޠΛϝϞϦʹॻ͖ࠐΉ͜ͱͰ
Λอଘ͢ΔɽදతͳޡΓగਖ਼ූ߸ͱͯ͠ɼϋϛϯάූ
߸ɼBCHූ߸ɼϦʔυιϩϞϯූ߸ͳͲ͕͋Δɽ
ϝϞϦʹූ߸ޠΛॻ͖ࠐΉͱ͖ɼූ߸ޠͷ֤Ϗοτʹͭ
͍ͯॻ͖ࠐΉϏοτ͕طʹॻ͖ࠐ·Ε͍ͯΔϏοτͱಉ͡
Ͱ͋ΕͦͷϏοτͷॻ͖ࠐΈߦΘͳ͍ͷͱ͢Δɽޡ
Γగਖ਼ූ߸Λ༻͍ͯෆൃشϝϞϦΛߏͨ͠߹ɼޡΓగ
ਖ਼ූ߸ූ߸ޠಉ࢜ͷϋϛϯάڑ͕େ͖͍ͨΊɼϝϞϦ
ΈϏοτ͕૿େ͢ΔɽࠐΉͱ͖ͷॻ͖ࠐΛॻ͖ޠ߸ූʹ
ϝϞϦʹॻ͖ࠐΉϏοτ͕ଟ͍΄ͲɼফඅΤωϧΪʔ
૿͑ΔͨΊɼޡΓగਖ਼ූ߸Λ༻͍ͨෆൃشϝϞϦͰූ߸
Έʹ͔͔ΔΤωϧΪʔ͕૿େ͢Δͱ͍͏͕ܽࠐͷॻ͖ޠ
͋ΔɽՃ͑ͯɼෆൃشϝϞϦͷॻ͖ࠐΈΤωϧΪʔ௨ৗ
ͷϝϞϦͷ 10ഒҎ্େ͖͍ [3]ɽͦͷͨΊɼޡΓగਖ਼ූ߸
Λ༻͍ͯෆൃشϝϞϦΛߏͨ͠߹ɼॻ͖ࠐΉϏοτ
Λ͢ݮΔ͜ͱ͕͘ڧཁ͞ٻΕΔɽ
ෆൃشϝϞϦΛରͱͨ͠ॻ͖ࠐΈϏοτΛ͢ݮΔ
ͱͯ͠ڀݚ [4, 7, 12, 13] ͕͋ΔɽZhou Βͷख๏Ͱอଘ
͍ͨ͠Λද͢ϏοτྻΛϝϞϦʹॻ͖ࠐΉͱ͖ɼॻ͖ࠐ
ΉϏοτ͕ॻ͖ࠐ·Ε͍ͯΔϏοτͱಉ͡Ͱ͋Εͦͷ

ϏοτΛॻ͖ࠐ·ͳ͍͜ͱͰॻ͖ࠐΈϏοτΛ͢ݮ
Δ [13]ɽຊߘͰख๏ [13] Λલఏͱ͢ΔɽCho Βͷख๏
ͰϝϞϦʹอଘ͢Δʹ 1 Ϗοτͷ෦ΛՃ͢
Δ [4]ɽՃϏοτ͕ 1 Ͱ͋ΕΛϏοτస͠ɼՃ
Ϗοτ͕ 0Ͱ͋ΕϏοτస͠ͳ͍ɽॻ͖ࠐΉϏο
τͷҎ্ʹॻ͖ࠐΉ߹ʹΛϏοτస͢Δ͜ͱ
Ͱॻ͖ࠐΈϏοτΛ͢ݮΔɽଟాΒͷख๏ͰޡΓ
గਖ਼ූ߸Λؒޠ߸ූʹݩͷ࠷େϋϛϯάڑΛ੍͢ݶΔූ
߸Λੜ͢Δ͜ͱͰॻ͖ࠐΈϏοτΛ͢ݮΔ [12]ɽݹ
Βͷख๏Ͱ࠷େϋϛϯάڑͱ࠷খϋϛϯάڑΛ੍
͢Δූ߸Λੜ͢Δ͜ͱͰɼ࠷ѱͷ߹ͷॻ͖ࠐΈϏο
τ͕ݮͰ͖ΔޡΓగਖ਼ූ߸Λੜ͢Δ [7]ɽ
ຊߘͰ·ͣɼt ϏοτͷޡΓగਖ਼ྗΛޡͭ࣋Γగਖ਼
ූ߸Λ༻ҙ͢Δɽͦͷූ߸ޠΛΫϥελϦϯά͠ɼΫϥε
λΛϊʔυͱ͢ΔάϥϑΛੜ͢Δɽ֤ΫϥελʹΛׂ
ΓͯΔ͜ͱͰɼΫϥελʹଐ͢Δූ߸ޠΫϥελʹׂ
ΓͯͨΛද͢͜ͱʹ͢Δɽ͜ͷΑ͏ʹͯ͠ͱූ߸ޠ
͕ 1ରଟʹରԠͨ͠ූ߸͕ੜ͞ΕΔɽੜͨ͠άϥϑͷ
Τοδ͕݅Λຬ͢Δͱ͖ɼූ߸ tϏοτͷޡΓగਖ਼
ྗΛҡͭͭ࣋͠ॻ͖ࠐΈϏοτΛ੍ݶͰ͖Δ͜ͱΛࣔ
͢ɽූ߸Λੜ͢ΔͨΊʹޮՌతͳΫϥελϦϯάख๏Λ
ఏҊ͢ΔɽఏҊख๏Λ༻͍ͯූ߸Λੜ͢Δͱɼූ߸͕
nϏοτͷͱ͖ɼϝϞϦʹූ߸ޠΛॻ͖ࠐΉͱ͖ͷ࠷େॻ
ΈϏοτࠐ͖ ⌊n/2⌋ʹ੍Ͱ͖ɼฏۉॻ͖ࠐΈϏοτ
ΛݮͰ͖Δɽ
ఏҊख๏Ͱੜͨ͠ූ߸Λ༻͍ͯϝϞϦΛߏ͠ɼΞϓ
ϦέʔγϣϯΛಈͨͤ͞࡞ͱ͖ɼϋϛϯάූ߸Λ༻͍ͯ
େ࠷ΈϏοτΛࠐͨ͠ϝϞϦʹରͯ͠ॻ͖ߏ 25.9%ɼ
BCHූ߸ +෮ූ߸Λ༻͍ͯߏͨ͠ϝϞϦʹରͯ͠ॻ
େ࠷ΈϏοτΛࠐ͖ ɽͨ͠ݮ28.2%
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2 ߸Γగਖ਼ූޡ
ʹූ߸ׂ͕ޠΓͯΒΕ͍ͯΔͱ͖ɼූ߸ޠͷू߹Λ
ූ߸ͱݺͿɽූ߸ V ʹଐ͢Δ͋Δූ߸ޠΛ vx, vy ͱද͢ɽ
vx ͱ vy ͷϋϛϯάڑΛH(vx, vy)ͱද͢ɽvx ͷϋϛϯ
άॏΈΛWH(vx)ͱද͢ɽ
খ࠷ ڑͷϋϛϯάؒޠ߸ͱɼූڑϋϛϯά(େ࠷)
ͷ࠷খ (େ࠷) Ͱ͋ΔɽޡΓగਖ਼ූ߸Ͱɼූ߸ͷ࠷
খϋϛϯάڑΛ੍͢Δ͜ͱʹΑΓޡΓగਖ਼͕Մͱͳ
ΔɽҰൠʹɼ࠷খϋϛϯάڑ͕ 2t+ 1ͷͱ͖ɼt Ϗοτ
ͷޡΓగਖ਼ྗΛͭ࣋ɽ
Γగਖ਼ූ߸ʹϋϛϯάූ߸͕ΒΕ͍ͯΔɽϋϛϯޡ
άූ߸ɼූ߸ؒޠͷ࠷খϋϛϯάڑ͕ 3Ͱ͋Γ 1 Ϗο
τͷޡΓగਖ਼͕Մͳશූ߸Ͱ͋Δ [6]ɽࣗવmΛ༻
͍Δͱɼ
ɹූ߸ [Ϗοτ]ɿn = 2m − 1
ɹใྔ [Ϗοτ]ɿkp = n−m
ཱ͕͢Δɽ͜ΕΛ (n, kp, 3)ϋϛϯάූ߸ͱද͢ɽ
ϋϛϯάූ߸ BCHූ߸ͳͲͷޡΓగਖ਼ූ߸࠷খϋ
ϛϯάڑ੍͕͞Ε͍ͯΔ͜ͱʹΑͬͯޡΓగਖ਼ྗ
༗͢Δ͕ɼ࠷େϋϛϯάڑ੍͞Ε͍ͯͳ͍ɽྫ͑ɼ
(7, 4, 3)ϋϛϯάූ߸ͷ࠷େϋϛϯάڑ 7Ͱ͋Γɼූ
߸ʹ͍͠ɽͭ·Γɼϋϛϯάූ߸Ͱ࠷ѱͷ߹ɼϝ
ϞϦʹॻ͖ࠐ·Εͨූ߸ͷॻ͖ࠐΈϏοτ͕ൃੜ͢
ΔՄੑ͕͋Δɽ(7, 4, 3)ϋϛϯάූ߸Λ༻͍ͯߏͨ͠
ϝϞϦͰɼ1ճͷॻ͖ࠐΈͰͷฏۉॻ͖ࠐΈϏοτ
3.5 ϏοτͰ͋ΔɽຊߘͰɼϝϞϦʹޡΓగਖ਼ූ߸Λ༻
Δ͜ͱ͕͢ݮΈϏοτΛࠐͨ͠߹ʹॻ͖ߏ͍ͯ
ඪͱͳΔɽ

3 ϝϞϦΞʔΩςΫνϟ
Δɽ͑ߟϝϞϦΛൃشͨ͠ෆߏ͍ͯ༺Γగਖ਼ූ߸Λޡ
ϝϞϦʹΛอଘ͢Δͱ͖ʹΤϯίʔμΛ༻͍ͯΛූ
Τϯίʔυ͠ɼϝϞϦ͔ΒΛऔΓग़͢ͱ͖ʹσʹޠ߸
ίʔμΛ༻͍ͯූ߸ޠΛʹσίʔυ͢ΔɽΛූ߸Խ͠
ͯอଘ͢ΔϝϞϦͷϝϞϦΞʔΩςΫνϟʹ 2ͭͷछྨ
͕͋ΔɽϝϞϦʹॻ͖ࠐ·Ε͍ͯΔූ߸ޠΛྀͣͤߟΤϯ
ίʔυ͢ΔํࣜʢίϯςΫετಠཱʣͱྀͯ͠ߟΤϯίʔ
υ͢ΔํࣜʢίϯςΫετґଘʣͰ͋Δɽਤ 1(a)ʹίϯς
Ϋετಠཱූ߸ԽͷϝϞϦΞʔΩςΫνϟΛɼਤ 1(b) ʹ
ίϯςΫετґଘූ߸ԽͷϝϞϦΞʔΩςΫνϟΛͦΕͧ
Εࣔ͢ [9]ɽ
ຊߘͰɼਤ 1(b) ʹࣔ͢ϝϞϦΞʔΩςΫνϟΛ༻͍
ΔɽϝϞϦʹΛอଘ͢Δͱ͖ɼ·ͣϝϞϦʹॻ͖ࠐ·Ε
͍ͯΔූ߸ޠΛಡΈग़͢ɽಡΈग़ͨ͠ූ߸ޠΛجʹΛ
ʹΤϯίʔυ͢ΔɽϝϞϦ͔ΒΛऔΓग़͢ͱ͖ʹޠ߸ූ
ɼϝϞϦʹॻ͖ࠐ·Ε͍ͯΔූ߸ޠΛಡΈग़͠ɼಡΈग़
ͷΛಘΔ͜ͱ͕Ͱ͖ݩΛσίʔυ͢Δ͜ͱͰޠ߸ූͨ͠
Δɽ͜ͷϝϞϦΞʔΩςΫνϟʹରͯ͠ɼͱූ߸͕ޠ 1
ରଟʹରԠͨ͠ූ߸Λ༻͍ͨϝϞϦΛߏ͢Δ͜ͱ͕Ͱ
͖Δɽ

4 ͷΫϥελϦϯάޠ߸ූ
ຊষͰɼ͍͔ͭ͘ͷ݅Λຬͨ͢Α͏ʹޡΓగਖ਼ූ߸
ͷූ߸ޠΛΫϥελϦϯάͯ͠ɼ֤ΫϥελʹΛׂΓ

ਤ 1 Τϯίʔμ/σίʔμΛ༻͍ͨෆൃشϝϞϦͷϝϞ

ϦΞʔΩςΫνϟɽ

ͯΔ͜ͱͰɼॻ͖ࠐΈϏοτݮͱޡΓగਖ਼Λ࣮͢ݱΔ
ූ߸͕ੜͰ͖Δ͜ͱΛূ໌͢Δɽ
t ϏοτͷޡΓగਖ਼ྗΛޡͭ࣋Γగਖ਼ූ߸Λ͑ߟ
ΔɽޡΓగਖ਼ූ߸ͷใྔΛ kp ͱ͢Δͱ͖ɼූ߸ޠΛ
v0, . . . , v2kp−1 ͱ͢Δɽූ߸ޠ vi ͷූ߸ n ϏοτͰ
͋Δɽ͢ͳΘͪɼkp ϏοτͷΛΤϯίʔυ͢Δ͜ͱͰ
n Ϗοτͷූ߸ޠΛಘΔɽූ߸ޠಉ࢜ͷϋϛϯάڑ
2t+ 1Ҏ্Ͱ͋ΓɼޡΓగਖ਼ྗ tϏοτͰ͋Δɽ͜ͷ
Γగਖ਼ූ߸Λޡ (n, kp, 2t+ Γగਖ਼ූ߸ͱද͢ɽޡ(1
ఆ S ≥ 2t+ 1Λ༩͑ͨͱ͖ɼ(n, kp, 2t+ Γగਖ਼ޡ(1
ූ߸͔ΒҎԼͷΑ͏ͳάϥϑΛੜͰ͖Δɽ

1. ޠ߸Γగਖ਼ූ߸ͷූޡ v0, . . . , v2kp−1 Λϊʔυͱ͢
Δɽ

2. ޠ߸ූ vi, vj ͷϋϛϯάڑ͕ S ҎԼͰ͋ΕɼΤο
δ eij = (vi, vj)Λ݁Ϳɽ

ϊʔυͷू߹Λ V = {v0, . . . , v2kp−1}ɼΤοδͷू߹Λ E
ͱ͢Δͱ͖ɼ͜ͷάϥϑΛ S-όϯυάϥϑ G = (V,E)
ͱݺͿɽਤ 2(a)ʹ S-όϯυάϥϑͷྫΛࣔ͢ɽৄࡉ
ྫ 1Ͱड़Δɽ
r Λྔͱ͠ɼkr = kp − r ͱ͢Δɽྔͱɼ

1 ͭͷΫϥελʹଐ͢ΔϊʔυΛఆΊΔఆͰ͋Δɽ
ϊʔυͷू߹ V ͔ΒҎԼͷ݅Λຬͨ͢Ϋϥελ ci(i =
0, . . . , 2kr − 1)Λੜ͢Δɽ

(C1) c0 ∪ · · · ∪ c2kr−1 = V
(C2) ci ∩ cj = ∅ (0 ≤ (i, j) ≤ 2kr − 1, i ̸= j)
(C3) |ci| = 2r (0 ≤ i ≤ 2kr − 1)

Ҏ্ͷ݅ (C1)–(C3)ΛΫϥελϦϯά݅ͱݺͿɽC =
{c0, . . . , c2kr−1} ΛΫϥελͷू߹ͱ͢ΔɽΫϥελ ci,
cj (i ̸= j) ΛΫϥελͷू߹ C ʹଐ͢ΔΫϥελͱ͢Δɽ
ci, cj ͕ҎԼͷ݅ (F1), (F2)Λຬͨ͢ͱ͖ɼci, cj ΛΤο
δ e′ij = (ci, cj)Ͱ݁Ϳɽ

(F1) Ϋϥελ ci ʹଐ͢Δҙͷϊʔυ vk ͔ΒɼΫϥελ
cj ʹଐ͢Δ͋Δϊʔυ vl ʹରͯ͠Τοδ ekl ͕ଘࡏ
͢Δɽ

(F2) Ϋϥελ cj ʹଐ͢Δҙͷϊʔυ vl ͔ΒɼΫϥελ
ci ʹଐ͢Δ͋Δϊʔυ vk ʹରͯ͠Τοδ elk ͕ଘࡏ
͢Δɽ
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Ҏ্ͷ݅ (F1), (F2) Λ S Ϗοτస݅ͱݺͿɽS-ό
ϯυάϥϑΛͱʹɼΫϥελϦϯά͔݅ΒΫϥελ
ͷू߹ C Λੜ͠ɼS Ϗοτస͔݅ΒΫϥελؒͷ
Τοδͷू߹ E′ Λੜ͢ΔɽΫϥελͷू߹ C ͱΫϥε
λؒͷΤοδͷू߹ E′ ͔ΒΫϥελάϥϑ G′ = (C,E′)
ΛಘΔɽਤ 2(b) ʹΫϥελάϥϑͷྫΛࣔ͢ɽৄࡉྫ
1Ͱड़Δɽ
D = {d0, . . . , d2kr−1} Λ kr Ϗοτͷͷू߹ͱ͢
Δɽ֤ d0 = 00 · · · 00, d1 = 00 · · · 01, . . . , d2kr−1 =
11 · · · 11 ͱͳΔɽ di ∈ D ΛΫϥελ ci ∈ C ʹׂΓ
ͯΔɽͭ·ΓɼΫϥελ ci ∈ C ʹଐ͢Δશͯͷූ߸ޠ
 di ∈ D Λද͢͜ͱʹ͢Δɽ

ఆཧ 1.  di, dj(i ̸= j)ΛΫϥελ ci, cj ʹͦΕͧΕׂΓ
ͯΔɽΫϥελ ci ʹଐ͢ΔҙͷϊʔυΛ vk ͱ͢Δɽ
ΫϥελάϥϑG′ = (C,E′)͕શάϥϑͱͳΔͱ͖ɼΫ
ϥελ cj ʹଐ͢Δ͋Δϊʔυ vl ʹରͯ͠ɼϋϛϯάڑ
H(vk, vl) ≤ S ཱ͕͢Δɽ

ূ໌ 1. Ϋϥελ ci, cj ؒʹ S-Ϗοτస݅Λຬ͢
ΔΤοδ͕ඞͣଘ͢ࡏΔͨΊɼ্هఆཧཱ͕͢Δɽ !

ܥ 1.  di Τϯίʔυͯ͠ vk ʹɼ dj Τϯίʔυ
ͯ͠ vl ʹͳΔͱ͢ΔɽΫϥελάϥϑ G′ = (C,E′)͕
શάϥϑͱͳΔͱ͖ɼ di Λද͢ූ߸ޠ vk ͔Β dj Λ
ද͢ූ߸ޠ vl ॻ͖ࠐΈϏοτ S ϏοτҎԼͰભҠͰ
͖Δɽ

ఆཧ 2. Ϋϥελ ci ʹଐ͢Δූ߸ޠ vk  tϏοτͷޡΓ
గਖ਼ྗΛͭ࣋ɽ

ূ໌ 2. ޠ߸ූ vk  (n, kp, 2t+1)ޡΓగਖ਼ූ߸ͷූ߸ޠ
Ͱ͋ΔͨΊɼ্هఆཧཱ͕͢Δɽ !

Ҏ্ͷఆཧΑΓɼΫϥελάϥϑ͕શάϥϑͱͳΔΑ
͏ͳූ߸Λ༻͍ͨϝϞϦͰɼΫϥελ ci ʹଐ͢Δූ߸ޠ
શͯ di Λද͠ɼޡΓగਖ਼ྗ t ϏοτΛͪ࣋ɼ di
Λද͢ූ߸ޠ vk ͔Β dj Λද͢ූ߸ޠ vl ॻ͖ࠐΈ
Ϗοτ S ϏοτҎԼͰભҠͰ͖Δɽ

ྫ 1. (7, 4, 3) ϋϛϯάූ߸Λ͑ߟΔɽ(7, 4, 3) ϋϛϯάූ߸ූ߸
ޠ {v0, . . . , v15} ͔Βߏ͞ΕΔɽ࠷খϋϛϯάڑ 3 Ͱ͋ΔͨΊɼ
t = 1ϏοτͷޡΓగਖ਼ྗΛͭ࣋ɽ
ఆ S = 3Λ༩͑ɼS-όϯυάϥϑΛੜ͢Δɽੜͨ͠ S-όϯ
υάϥϑΛਤ 2(a)ʹࣔ͢ɽਤ 2(a)Ͱͷ֤ϊʔυ (7, 4, 3)ϋϛϯάූ
߸ͷූ߸ޠΛද͢ɽH(v0, v1) = 3 ≤ 3Ͱ͋ΔͨΊɼϊʔυ v0, v1 ؒʹ
Τοδ͕ଘ͢ࡏΔɽH(v0, v15) = 7 ≥ 3 Ͱ͋ΔͨΊɼϊʔυ v0, v15
ؒʹΤοδ͕ଘ͠ࡏͳ͍ɽ
S-όϯυάϥϑΛݩʹΫϥελάϥϑΛੜ͢Δɽੜͨ͠Ϋϥε
λάϥϑΛਤ 2(b)ʹࣔ͢ɽਤ 2(b)Ͱ 8ͭͷΫϥελ c0, . . . , c7 ͕͋
Γɼ֤ Ϋϥελ 2ͭͷϊʔυΛͭ࣋ɽྫ͑ɼΫϥελ c0  {v0, v15}
Λͪ࣋ɼΫϥελ c1  {v1, v14}Λͭ࣋ɽS-όϯυάϥϑͰ v0, v1
ͱ v14, v15 ͦΕͧΕΤοδͰ݁Ε͍ͯΔͨΊɼS Ϗοτస݅Λ
ຬ͢ΔɽͦͷͨΊɼΤοδ e′ = (c0, c1) Λ݁Ϳɽਤ 2(b) ͷΫϥελ
άϥϑશάϥϑͱͳΔɽ
ɼ3ʹ࣍ Ϗοτͷ 8 ͭͷ d0, . . . , d7 Λ͑ߟΔɽ֤ d0 =

000, d1 = 001, . . . , d7 = 111 ͱͳΔɽ di Λ ci(0 ≤ i ≤ 7) ʹׂΓ
ͯΔɽྫ͑ɼΫϥελ c0 ͷූ߸ޠ v0 = 0000000, v15 = 1111111

ͲͪΒ d0 = 000 Λද͢ɽ·ͨɼΫϥελ c1 ͷූ߸ޠ v1 =

0001011, v14 = 1110100ͲͪΒ d1 = 001Λද͢ɽ
 d0 = 000 Λද͢ූ߸ޠ v0 = 0000000 ͕ϝϞϦʹॻ͖ࠐ·Εͯ

͍Δͱ͢Δɽ d1 = 001 ΛϝϞϦʹอଘ͢Δͱ͖ɼv1 = 0001011 ͱ
v14 = 1110100 Λॻ͖ࠐΉ 2 ௨Γͷॻ͖ࠐΈํ͕ଘ͢ࡏΔɽ͜ͷ߹ɼ
v1 = 0001011 Λॻ͖ࠐΉͱ d0 Λද͢ූ߸ޠ v0 ͔Β d1 Λද͢ූ
ޠ߸ v1 ͷભҠʹ 3Ϗοτͷॻ͖ࠐΈͰࡁΉɽ
Ҏ্ΑΓɼੜͨ͠ූ߸ 3 ϏοτͷΛ 7 Ϗοτͷූ߸ޠʹΤϯ
ίʔυ͢Δɽ͜ͷූ߸ 1 ϏοτͷޡΓగਖ਼ྗΛͪ࣋ɼશͯͷͷભ
Ҡదʹූ߸ޠΛબ͢Δ͜ͱͰ 3ϏοτͰॻ͖͕͑Ͱ͖Δɽ

5 ఏҊΞϧΰϦζϜ
4ষͰશͯͷΫϥελͷΈ߹Θ͕ͤ S Ϗοτస݅
Λຬ͢Δ͜ͱͰޡΓగਖ਼ྗ tΛҡͭͭ࣋͠ɼॻ͖ࠐΈ
ϏοτΛ S ϏοτҎԼʹ੍Ͱ͖Δූ߸ΛੜͰ͖Δ͜
ͱΛࣔͨ͠ɽຊষͰɼΫϥελϦϯά݅Λຬ͠ɼશ
ͯͷΫϥελͷΈ߹Θ͕ͤ S Ϗοτస݅Λຬ͢Δ
ͷΫϥελϦϯάख๏Λࣔ͢ɽޠ߸Γగਖ਼ූ߸ͷූޡ
(n, kp, 2t+1)ઢܗ৫ޡΓగਖ਼ූ߸ͷූ߸ޠΛΫϥελ
Ϧϯά͢Δ͜ͱΛ͑ߟΔɽ(n, kp, 2t+1)ઢܗ৫ޡΓగਖ਼
ූ߸ͷූ߸ޠΛ {v0, . . . , v2kp−1}ͱ͢Δ [11]ɽූ߸ޠʹ
nϏοτͷූ߸ޠ 11 · · · 11ؚ͕·Ε͍ͯΔ͜ͱͱ͢Δɽ͜
ͷූ߸Ͱɼkp Ϗοτͷϝοηʔδmi(0 ≤ i ≤ 2kp − 1)
͕Τϯίʔυ͞Εͯ n Ϗοτͷූ߸ޠ vi ͱͳΔɽΤϯ
ίʔυͱϝοηʔδΛޡΓగਖ਼ූ߸ͷੜྻߦΛ༻͍ͯ
ͱ߸ූܗΔ͜ͱͰ͋Δɽઢ͢มʹޠ߸Γగਖ਼ූ߸ͷූޡ
ͦͷූ߸ͷ 2 ͭͷූ߸ޠΛ XOR ͯ͠ಘΒΕΔϏοτ
ϝο͕ޠ߸ͱͳΔූ߸Ͱ͋Δɽ৫ූ߸ͱූޠ߸ූ͕ྻ
ηʔδͱͳϏοτྻͰߏ͞Εͨූ߸Ͱ͋ΔɽޡΓగ
ਖ਼ྗ tϏοτͰ͋Δɽ
ఏҊΞϧΰϦζϜͰɼ࢝ϕΫτϧ a ͱใϕΫ
τϧ x Λ༻͍ͯΫϥελϦϯά͢Δɽa, x ͲͪΒ
(n, kp, 2t + 1) Ͱ͋Δɽaޠ߸Γగਖ਼ූ߸ͷූޡ Λ࢝
ϕΫτϧɼx ΛใϕΫτϧͱݺͿɽ࢝ϕΫτϧͷू
߹Λ A = {a0, . . . , a2r−1}ɼใϕΫτϧͷू߹Λ X =
{x0, . . . , x2kr−1}ͱ͢Δɽ͜͜ͰɼrΛྔͱͨ͠ͱ͖ɼ
kr = kp − r ͱ͢ΔɼAɼX Λ͏·͘ઃఆ͢Δ͜ͱͰશͯ
ͷූ߸ޠ v = a⊕ xͱͯ͠දͤΔɽ

5.1 ϕΫτϧͷੜ๏࢝
ྔΛ r ≥ 1ɼใྔΛ kr = kp − r ͱද͢ɽr, kr
 kr ≡ 0 (mod r)ͱ͢ΔɽnϏοτͷ࢝ϕΫτϧͷू
߹Λ A = {a0, . . . , a2r−1} ͱද͠ɼkp Ϗοτͷ࢝ϝο
ηʔδͷू߹Λ Ma = {ma

0 , . . . ,m
a
2r−1} ͱ͢Δɽma

i (j)
Λma

i ͷ j ൪ͷϏοτͱ͢Δɽͭ·Γɼma
i (0) ma

i ͷ
LSBɼma

i (kp − 1)  ma
i ͷ MSB Λද͢ɽ࢝ϕΫτϧ

ai ࢝ϝοηʔδma
i ΛΤϯίʔυͯ͠ಘΒΕΔɽ

߹ϕΫτϧͷू࢝ AҎԼͷૢ࡞ʹΑΓಘΒΕΔɽ

Step 1: 0 ≤ i < 2r−1 ʹରͯ͠ɼma
i ͷ্Ґ r Ϗοτ i

Λ 2 ਐදͨ͠هͷͱ͢Δɽྫ͑ kp = 6, r = 3
ͷͱ͖ɼma

0 = 000***, ma
1 = 001***, ma

2 = 010***,
ma

3 = 011*** ͱͳΔɽͨͩ͠ɼ*ະఆٛͰ͋Δɽ
Step 2: 0 ≤ i < 2r−1 ʹରͯ͠ɼStep (2-1), Step (2-2)
Λ࣮͢ߦΔɽ
Step (2-1): WH(i)͕ۮવͳΒɼϝοηʔδma

i ͷԼҐ

kr ͷ֤ j ϏοτԼࣜͱͳΔɽ

ma
i (j) = ma

i (kr + ⌊j × r/kr⌋). (1)

Step (2-2): WH(i)͕حͳΒɼϝοηʔδma
i ͷԼҐ
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ਤ 2 S-όϯυάϥϑ G = (V,E)(a)ͱΫϥελάϥϑ G′ = (C,E′)(b)ɽ

kr ͷ֤ j ϏοτԼࣜͱͳΔɽ

ma
i (j) = ma

i (kr + ⌊j × r/kr⌋). (2)

Step 3: 2r−1 ≤ i ≤ 2r − 1ʹରͯ͠ɼϝοηʔδ ma
i 

ҎԼͷΑ͏ʹͳΔɽ

ma
i = ma

2r−1−i. (3)

Ҏ্ͷૢ࡞ͰಘΒΕͨ kp Ϗοτͷϝοηʔδ ma
i ΛΤϯ

ίʔυ͢Δ͜ͱͰ nϏοτͷ࢝ϕΫτϧ ai ͕ಘΒΕΔɽ

ྫ 2. kp = 6ɼr = 2 ͱ͢Δɽkr = kp − r = 4 ͱͳΔɽ6 Ϗοτͷ
ϝοηʔδma

i Λ্ʹࣔͨ͠ख๏ʹΑΓੜ͢Δɽ
Step 1ΑΓɼma

0 ,m
a
1 ͷ্Ґ 2ϏοτҎԼͷΑ͏ʹͳΔɽ

ma
0 = 00****

ma
1 = 01**** (4)

ͨͩ͠ɼ*ະఆٛͰ͋Δɽ
Step 2ΑΓɼma

0 ,m
a
1 ͷԼҐ 4ϏοτҎԼͷΑ͏ʹͳΔɽ

ma
0 = 000000

ma
1 = 011100 (5)

Step 3ΑΓɼma
2 ,m

a
3 ma

0 ,m
a
1 ΛݩʹҎԼͷΑ͏ʹͳΔɽ

ma
2 = 100011

ma
3 = 111111 (6)

Ҏ্ͷૢ࡞ͰಘΒΕͨ 6 Ϗοτͷϝοηʔδ ma
i ΛΤϯίʔυ͢Δ͜

ͱͰ nϏοτͷ࢝ϕΫτϧ͕ಘΒΕΔɽ

5.2 ใϕΫτϧͷੜ๏
nϏοτͷใϕΫτϧͷू߹ΛX = {x0, . . . , x2kr−1}
ͱද͠ɼkp Ϗοτͷใϝοηʔδͷू߹Λ Mx =
{mx

0 , . . . ,m
x
2kr−1}ͱ͢Δɽmx

i (j)Λ mx
i ͷ j ൪ͷϏο

τͱ͢Δɽͭ·Γɼmx
i (0) mx

i ͷ LSBɼmx
i (kp − 1) 

mx
i ͷ MSB Λද͢ɽใϕΫτϧ xi ใϝοηʔδ

mx
i ΛΤϯίʔυͯ͠ಘΒΕΔɽ
ใϕΫτϧͷू߹ X ҎԼͷૢ࡞ʹΑΓಘΒΕΔɽ

Step 1: mx
i ͷ্Ґ rϏοτ 0Λ 2ਐදͨ͠هͷͱ

͢Δɽ
Step 2: mx

i ͷԼҐ kr Ϗοτ i Λ 2 ਐදͨ͠هͷ
ͱ͢Δɽ

Ҏ্ͷૢ࡞ͰಘΒΕͨ kp Ϗοτͷϝοηʔδ mx
i ΛΤϯ

ίʔυ͢Δ͜ͱͰ nϏοτͷใϕΫτϧ xi ͕ಘΒΕΔɽ

ྫ 3. kp = 6ɼr = 2 ͱ͢Δɽkr = kp − r = 4 ͱͳΔɽ6 Ϗοτͷ
ϝοηʔδmx

i Λ্ʹࣔͨ͠ख๏ʹΑΓੜ͢Δɽ
Step 1ΑΓɼmx

0 , . . . ,m
x
15 ͷ্Ґ 2ϏοτҎԼͷΑ͏ʹͳΔɽ

mx
0 = 00****

mx
1 = 00****

mx
2 = 00****

...

mx
15 = 00**** (7)

ͨͩ͠ɼ*ະఆٛͰ͋Δɽ
Step 2ΑΓɼmx

0 , . . . ,m
x
15 ͷԼҐ 4ϏοτҎԼͷΑ͏ʹͳΔɽ

mx
0 = 000000

mx
1 = 000001

mx
2 = 000010

...

mx
15 = 001111 (8)

Ҏ্ͷૢ࡞ͰಘΒΕͨ 6 Ϗοτͷϝοηʔδ mx
i ΛΤϯίʔυ͢Δ͜

ͱͰ nϏοτͷใϕΫτϧ xi ͕ಘΒΕΔɽ

5.3 ϕΫτϧͱใϕΫτϧͷੑ࣭࢝
ຊઅͰ࢝ϕΫτϧͱใϕΫτϧͷੑ࣭Λࣔ͢ɽ

ఆཧ 3. લઅͰࣔͨ͠ख๏ʹΑͬͯ࢝ϕΫτϧͷू߹
A ͱใϕΫτϧͷू߹ X Λੜ͢Δɽશͯͷූ߸ޠ
vi ∈ {v0, . . . , v2kp−1} vi = a⊕x(a ∈ A, x ∈ X)ʹΑͬ
ͯҰҙʹදͤΔɽ

ূ໌ 3. a⊕xͰશͯͷූ߸͕ޠද͞Εɼa⊕x 2r×2kr =
2r+kr = 2kp ޠ߸Γగਖ਼ͷූޡɼͪ࣋ͷΈ߹ΘͤΛݸ
 2kp ఆཧཱ͕͢ΔɽهͰ͋ΔͨΊɼ্ݸ !

ఆ S = ⌊n/2⌋Λ༩͑ɼS-όϯυάϥϑ G = (V,E)
Λੜ͢Δɽr Λྔͱͯ͠ kr = kp − r ͱ͢Δɽϊʔ
υͷू߹ V ͔ΒΫϥελ ci (i = 0, . . . , (2kr − 1))ΛҎԼ
ͷΑ͏ʹੜ͢Δɽ

ci = {a0 ⊕ xi, . . . , a2r−1 ⊕ xi} (9)
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ද 1 ූ߸ͷੑ࣭ͷൺֱ 1 (ใྔ 4ͷ߹)ɽ

ූ߸ Γగਖ਼ྗޡ
Έࠐେॻ͖࠷
Ϗοτ

Έࠐখॻ͖࠷
Ϗοτ

ฏۉॻ͖ࠐΈ
Ϗοτ

(7, 4, 3)ϋϛϯάූ߸ 7 1 7 3 3.50 (1.00)

(9, 4, 3, 1)-REC 9 1 4 3 3.25 (0.93)

(10, 4, 3, 2)-REC 10 1 4 3 3.12 (0.89)

(12, 4, 3, 4)-REC 12 1 4 3 2.93 (0.83)

ද 2 ූ߸ͷੑ࣭ͷൺֱ 2 (ใྔ 8ͷ߹)ɽ

ූ߸ Γగਖ਼ྗޡ
Έࠐେॻ͖࠷
Ϗοτ

Έࠐখॻ͖࠷
Ϗοτ

ฏۉॻ͖ࠐΈ
Ϗοτ

(15, 7, 5)-BCHූ߸ +

(5, 1, 5)෮ූ߸ 20 2 20 5 10.0 (1.00)

(23, 8, 5, 1)-REC 23 2 11 5 8.92 (0.89)

(25, 8, 5, 2)-REC 25 2 12 5 8.67 (0.86)

(29, 8, 5, 4)-REC 29 2 12 5 7.80 (0.78)

(37, 8, 5, 8)-REC 37 2 10 5 7.18 (0.71)

͜ΕΒͷΫϥελΫϥελ݅ (C1)–(C3)Λຬ͢Δɽ
Ϋϥελͷू߹Λ C = {c0, . . . , c2kr−1} ͱ͢Δɽ

ci, cj(i ̸= j) ͕ S Ϗοτస݅ (F1), (F2) Λຬͨ͢
ͱ͖ɼci, cj ΛΤοδ e′ = (ci, cj)Ͱ݁Ϳɽ͜ͷΑ͏ʹͯ͠
Ϋϥελάϥϑ G′ = (C,E′)Λ৽ͨʹੜ͢Δɽ

ఆཧ 4. ্ड़ͷΑ͏ʹͯ͠ੜͨ͠Ϋϥελάϥϑ G′ =
(C,E′)શάϥϑͱͳΔɽ

ূ໌ 4. 0 ≤ i ≤ 2r−1ͷͱ͖ɼ࢝ϕΫτϧ ai࢝ϕΫ
τϧ a2r−1−i Λసͨ͠ූ߸ޠͰ͋Δɽ͜ͷੑ࣭Λ༻͍Δ
ͱશͯͷΫϥελؒͰ S-Ϗοτస݅Λຬ͢ΔΤο
δ͕ଘ͢ࡏΔͨΊɼ্هఆཧཱ͕͢Δɽ !

kr Ϗοτͷͷू߹Λ D = {d0, . . . , d2kr−1} ͱ͢Δɽ
Ϋϥελ ciʹ diΛׂΓͯΔɽͭ·ΓɼΫϥελ ci ∈ C
ʹଐ͢Δશͯͷූ߸ޠ di ∈ D Λද͢͜ͱʹ͢Δɽ
ఆཧ 1, 2, 4 ΑΓɼΫϥελ ci ʹଐ͢Δશͯͷූ߸
Γగਖ਼ྗޡޠ t Λͪ࣋ɼ di Λද͢ɽ di Λද͢
ޠ߸ූ vk ͔Β dj Λද͢ූ߸ޠ vl ͷભҠ ⌊n/2⌋
ҎԼͷॻ͖ࠐΈϏοτͰࡁΉɽ৽ͨʹੜͨ͠ූ߸Λ
(n, kr, 2t+1, r)-RECූ߸ͱݺͿɽnූ߸ɼkr ใ
ྔɼ2t+ 1࠷খϋϛϯάڑɼr ྔΛද͢ɽ
ਤ 3 ʹ (n, 2, 2t + 1, 2)-REC ූ߸ͷූ߸ۭؒΛࣔ͢ɽ4
ͭͷ࢝ϕΫτϧ a0, a1, a2, a3 ͕͋Γɼ4ͭͷํܗͷத
ͷࠨԼͷԁ͕ରԠ͢Δɽ4ͭͷใϕΫτϧ x0, x1, x2, x3

͕͋Γɼ4ͭͷํܗͷதͷ 4ຊͷҹ͕ରԠ͢Δɽશͯ
ͷූ߸ޠ ai⊕xj(i = 0, 1, 2, 3), (j = 0, 1, 2, 3)ͰදͤΔɽ
Ϋϥελ cj(j = 0, 1, 2, 3)ʹූ߸ޠ cj = {a0 ⊕ xj , a1 ⊕
xj , a2 ⊕ xj , a3 ⊕ xj} ͕ଐ͠ɼશͯͷ cj ʹଐ͢Δූ߸ޠ
ai ⊕ xj ∈ cj  dj Λද͢ɽ

6 ݧ࣮
ຊষͰɼREC ූ߸Λ༻͍ͯߏͨ͠ෆൃشϝϞϦͷ
ੑΛධՁ͢ΔɽRECූ߸ͱɼҰൠʹ༻͍ΒΕΔޡΓగਖ਼
ූ߸ͱͯ͠ϋϛϯάූ߸ͱ BCH ූ߸ͷූ߸ੑ࣭ͷൺֱɼ
ͦΕΒͷූ߸Λ༻͍ͯߏͨ͠ϝϞϦʹΞϓϦέʔγϣϯ
Λద༻ͨ݁͠ՌΛࣔ͢ɽ

ਤ 3 r = 2ͷͱ͖ͷූ߸ۭؒɽ

6.1 ූ߸ͷੑ࣭
ຊઅͰ RECූ߸ͷੑ࣭Λࣔ͢ɽද 1ʹ (7, 4, 3)ϋϛ
ϯάූ߸ɼ(9, 4, 3, 1)-RECɼ(10, 4, 3, 2)-RECɼ(12, 4, 3, 4)-
RECͷූ߸ͷੑ࣭ͷൺֱΛࣔ͢ɽ࣍ʹɼ(15, 7, 5)-BCHූ
߸ [2] ͱ (5, 1, 5) ෮ූ߸ [5] Λ࿈݁ͨ͠ූ߸Λ͑ߟ
Δɽ͜ͷූ߸Ͱ 8 ϏοτͷใΛ 7 Ϗοτ +1 Ϗοτ
ʹ͚ͯͦΕͧΕΤϯίʔυΛ͍ߦɼ15 Ϗοτͱ 5 Ϗο
τͷූ߸ޠΛ࿈݁ͨ͠ 20 Ϗοτ͕ϝϞϦʹ֨ೲ͞ΕΔ
ͷͱ͢Δɽද 2ʹ (15, 7, 5)-BCHූ߸ +(5, 1, 5)෮ූ
߸ɼ(23, 8, 5, 1)-RECɼ(25, 8, 5, 2)-RECɼ(29, 8, 5, 4)-RECɼ
(37, 8, 5, 8)-RECͷූ߸ͷੑ࣭ͷൺֱΛࣔ͢ɽ
͍ͣΕͷ݁Ռ࠷େॻ͖ࠐΈϏοτɼฏۉॻ͖ࠐΈ
Ϗοτͱʹ ⌊n/2⌋ҎԼͱͳ͍ͬͯΔɽRECූ߸ʹ͓
͍ͯɼ֤ͦΕͧΕ 2r Ͱද͞ΕΔɽྫ͑ɼޠ߸ͷූݸ
(9, 4, 3, 1)-REC ූ߸Ͱྔ r = 1 Ͱ͋ΔͨΊɼ֤
ͦΕͧΕ 2r = 2 Ͱද͞ΕΔɽྔޠ߸ͷූݸ r Λ
େ͖͘͢Δ΄Ͳූ߸ͱ֤Λද͢ූ߸ޠେ͖͘ͳΔ
͕ɼ࠷େॻ͖ࠐΈϏοτͱฏۉॻ͖ࠐΈϏοτখ͞
͘ͳΔɽ
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ද 3 ॻ͖ࠐΈϏοτͷൺֱ (ใྔ 4ͷ߹)ɽ

adpcmE adpcmD epicE epicD g721E g721D

(7, 4, 3)ϋϛϯάූ߸ 2,047,028 (1.00) 735,281 (1.00) 935,223 (1.00) 520,951 (1.00) 2,129,981 (1.00) 829,899 (1.00)

(9, 4, 3, 1)-REC 1,703,040 (0.83) 704,241 (0.96) 886,396 (0.95) 501,421 (0.96) 1,791,891 (0.84) 767,722 (0.93)

(10, 4, 3, 2)-REC 1,655,103 (0.81) 676,335 (0.92) 860,966 (0.92) 484,287 (0.93) 1,741,736 (0.82) 736,449 (0.89)

(12, 4, 3, 4)-REC 1,516,490 (0.74) 633,269 (0.86) 792,089 (0.85) 443,338 (0.85) 1,599,063 (0.75) 679,179 (0.82)

ද 4 ॻ͖ࠐΈϏοτͷൺֱ (ใྔ 8ͷ߹)ɽ

adpcmE adpcmD epicE epicD g721E g721D

(15, 7, 5)-BCHූ߸ +

(5, 1, 5)෮ූ߸ 2,902,865 (1.00) 1,022,642 (1.00) 1,213,777 (1.00) 670,655 (1.00) 3,030,135 (1.00) 1,140,475 (1.00)

(23, 8, 5, 1)-REC 2,492,757 (0.86) 974,215 (0.95) 1,240,812 (1.02) 695,669 (1.04) 2,625,590 (0.87) 1,073,272 (0.94)

(25, 8, 5, 2)-REC 2,303,056 (0.79) 929,465 (0.91) 1,168,265 (0.96) 649,003 (0.97) 2,426,246 (0.80) 1,012,208 (0.89)

(29, 8, 5, 4)-REC 2,146,736 (0.74) 873,537 (0.85) 1,111,116 (0.92) 629,212 (0.94) 2,264,785 (0.75) 929,645 (0.82)

(37, 8, 5, 8)-REC 2,085,224 (0.72) 811,245 (0.79) 1,038,296 (0.86) 592,397 (0.88) 2,199,998 (0.73) 888,672 (0.78)

6.2 ϕϯνϚʔΫΞϓϦέʔγϣϯ࣮ݧ
MediaBench [8] Λ SimpleScalar [1] Λ༻͍ͯτϨʔε
Λऔಘͨ͠ɽରͷޡΓగਖ਼ූ߸Λ༻͍ͯߏͨ͠ϝϞϦ
ΛτϨʔεʹద༻ͯ͠ॻ͖ࠐΈϏοτΛܭଌͨ͠ɽ
ϝϞϦͷॻ͖ࠐΈಉ͡Ϗοτॻ͖ࠐ·ͳ͍ͷͱ
͢Δख๏ [13]Λఆ͢Δɽද 3(a)ʹϋϛϯάූ߸Λ༻͍
ͨ͠ϝϞϦͱߏͯ RECූ߸Λ༻͍ͯߏͨ͠ϝϞϦͰ
ΞϓϦέʔγϣϯΛಈͨͤ͞࡞ͱ͖ͷ݁ՌΛࣔ͢ɽද 4ʹ
(15, 7, 5)-BCHූ߸+(5, 1, 5)෮ූ߸Λ༻͍ͯߏͨ͠
ϝϞϦͱ RECූ߸Λ༻͍ͯߏͨ͠ϝϞϦͰΞϓϦέʔ
γϣϯΛಈͨͤ͞࡞ͱ͖ͷ݁ՌΛࣔ͢ɽද 3Ͱɼ(12, 4,
3, 4)-RECΛ༻͍ͯߏͨ͠ϝϞϦ͕ϋϛϯάූ߸Λ༻͍
େ࠷ͨ͠ϝϞϦͱൺֱͯ͠ߏͯ 25.9% ͷॻ͖ࠐΈϏο
τΛͨ͠ݮɽද 4 Ͱɼ(37, 8, 5, 8)-REC Λ༻͍ͯ
ͨ͠ϝϞϦ͕ߏ (15, 7, 5)-BCHූ߸ +(5, 1, 5)෮ූ
߸Λ༻͍ͯߏͨ͠ϝϞϦͱൺֱͯ͠࠷େ 28.2% ͷॻ͖
ɽͨ͠ݮΈϏοτΛࠐ

7 ͓ΘΓʹ
ຊߘͰɼॻ͖ࠐΈϏοτݮͱޡΓగਖ਼Λಉ࣌ʹ࣮
ΛΫϥελϦϯޠ߸Γగਖ਼ූ߸ͷූޡΔख๏ͱͯ͠ɼ͢ݱ
ά͠ɼ֤ΫϥελʹΛׂΓͯΔ͜ͱͰ৽ͨͳූ߸Λੜ
͢ΔΞϧΰϦζϜΛఏҊͨ͠ɽఏҊΞϧΰϦζϜʹΑΓ
ੜͨ͠ RECූ߸Λ༻͍ͯߏͨ͠ϝϞϦΛΞϓϦέʔ
γϣϯʹద༻ͨ݁͠Ռɼϋϛϯάූ߸Λ༻͍ͯߏͨ͠ϝ
ϞϦʹൺ࠷େͰ 25.9%ɼBCHූ߸ +෮ූ߸Λ༻͍ͯ
େͰ࠷ͨ͠ϝϞϦʹൺߏ 28.2% ͷॻ͖ࠐΈϏοτ
Λͨ͠ݮɽ
Ͱ͖Δख๏ݮΈϏοτΛࠐΑΓޮΑ͘ॻ͖ޙࠓ
Λ͢ڀݚΔɽ
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