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v = 7IWZHRNICIEZ 5. ZRUTE D, "—FKv =7
POEEIA Y ERXHZA T2 FDOBRIEEHT B
ZEDHREL R B,

INBDMRER, "—Fv 27 EDWFA—DBDOA T 2T b
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MWL7o4 VEOEBZRET 2EMFTETHS. £,
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DWT, MTW3 74 M3 5. BCD OEMILLT
D3IDDRAT v FITEDiTbiLs.
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(2) MTW3B T4 Y EDFES DT
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NE 8OOV —RIZHHNTE. £ —FIZ8 4 bTH
D, ZREDT—FDENMN 234 F2IES L 16 34 b
% signature & L CEH$ 5.
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Y—X3d—Rk
Object { //. sold_time, item, id, price
int sold_time; Object A = {1573412115, 1537, 456, 100.5 ..};
int item; Object B = {1573412301, 3568, 516, 120.3 ..};
int id;
float price;

}
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BCD TI3HHEL 22 74 VIZZDEEDOHTAEY LICH
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JEREL TINS5, 72720, B3 2EM7 L) XA
X2 EDOIEMETIE, EMRICICOETDOI A XEBZ 5
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W32, ZOKTIE ERIPEEY 22542, THIZHL
AEMiT 294 Thsb. FHiELY % 5 4 > % Base Line,
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[EEI ) EET{ ) EE?{ ) F BCD T3 7 4 > ®D signature 225Ny ¥ 2 fHZER L, £
5 0R] I(.f;g)il;%éero Count Dy ¥ afli% Base Array DY b EBRIT L4 VT
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Bucket
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BREPITONIAR DD B S NI RS 7 — 7 AH® Bucket NDA ¥ F v 7 AL LTHMAT 3.
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&[A U signature 2%, [A U Base Line 2 H3%. £
@ Base Line & D757 53 EHE X 41T Diff Array 12 Diff Line
LTSNS, F7z, M 7TIEMEIBLL 72X €D O
WCBFBK612HD 30074 A, B, COFHITA >V A
IBIBEMOFIEERT. ZORTIEIA YId 16 £y
b, signature (X374 YD Efi4 'y bERELTVWS. F
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LoZkwed 5. EMOFIHEE LT, $3EI42AD
i 4 By b signature DNy ¥ a{fix 4 YTy 7 Ak
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A ¥ signature 23 —H(3 % Base Line £ D77 & LT XOR
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Translation Table
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base-| ptr‘

diff-ptr
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Diff Array

\\\‘4ﬁﬂ

[ ' C |

EfES Oz Diff
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3. Base and Compressed Difference de-
duplication (BCD) DfH&&E

COETIXE 2ETHHALZ BCD OMEZ BN,
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(© 2022 Information Processing Society of Japan

1 ®ETRZ LS, 7

Vol.2022-ARC-248 No.20
Vol1.2022-SLDM-198 No.20
Vo0l.2022-EMB-59 No.20
2022/3/10

signature D&

~ 1101 | 1111 1111 1111

54> A [1101]1211 1211 1101 | Hash(1101)—
. i

)
/|

51> B [1201 1211 120} 1121 | Hash(11e1)- ‘3

54> € [1101]a111 1111 Taq1 | Hash(1101)”

Base Array
Diff_with_base(
1111 1111 11e1

1111 1111 1111

)| xor
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Diff Line
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MEDIOIBT—REFLDTVWErERTELEE LD,
BNRFE T AT =27 MEFEBIE TV EENZ .

BRI LTUF D 20535 %, 3.1 i, 3.28iC
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TW3. ZORNE eJSVM [17] & MHEN 2 HAAAAT D
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KD FED 20D A DA TY =7 M T
WBHIZEHT 5. ROXFOEY — RO BN b A
signature &3, ZOR, LTV EDY — FOAIED
74 /F"i’C L b7, 74 VMET signature B—F L 72
W, ZOBE, RICHADOFTY =7 MatTHEMMLT
W35, BCD TRREBEZREDI A v LGERINR
V. ZD7%, BCD OEMTIEZ DX S REHIIREX

3, JERERIENEL R 5.

3.2 BARZBOAT IV FETESHRSNS

BCD TR MDA TV = 7 PRI NIz T4 >~
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BIRLIEF R RRE
IPSJ SIG Technical Report

51>
[ type A | [ type B Sa>1
typeA [ tjpeB | 51422
TELR 54> 3
[ [ >51>4
[/¥.N
ox5dc85d13 | 8x00000601 | 0x42c90008 .
(15%341211) (£537) (100.5) 11
x 2

Type A DAT ST U MTERESH DN
FRVFD signature HA—E LR
BERIREMTONIR
0x5dc86151 | 0x00000df0 | Ox42f0a3d7
(157341230) (3568) (120.3)

514> 2

8 A7 =7 bORLEL signature DFR—E

MG E T2 T A4 VT B IRF TR L7z signature 23
—HIT2HEDDH D, FHIEET —ZITBWT, Mo
INEWED ERAL MEFTRTOER1THBED, T4
YEDOEY—FOEMBIRTOERZ1ITHE X
ZW», IDXS5I1I2Type A, BOX TV 27 bDZEY—F
DLEANAL PR TOTH S0, TSP EINZF 4
VTRV ED signature 1 d—H 3T 5. LarL, Big
DDA TS =7 PN EINTNWE T2, 74 VITIX
signature UNAD T — X DWRKELL BRR2G5EMRHZ. 2O
X 512 signature B —H L TH, ZOMDT —XHIKEL
Bz 256, BRI ERINIRITIER V.

Type A DAT ST MY

wEnES 1>
(13159699) | (6675457) | (1871344) | (13234339)
0x00c85d13 | 0x0065dc01 | 8x001c8df0 | ex00cofea3
signature [Z—893H
DEBRDIEIFAE L BRIxD
v v v EBIERED IR TR
0x00000012 | 0x00000014 | 000000004 exaaeeeen‘
(18) (20) (4) (35)

Type B DAIS T U Mt
BwEhEsS1>

9: B 3MOA TV 27 MG NI T 4 VD signature D
—%

4. RZEFE : Aligned Objects Based De-
duplication (AOBD)

AMRATEA T =7 MEOELELZERT ZZ L
T, BN EEREZITS XV HEMETFE Aligned Ob-
jects Based De-duplication (AOBD) 2283 5%. 7V X
4 L n— RO & - TIRETFIE AOBD 2585 5.
7Y EA LTIEUTD 20%175.

o XEVEIDYTHIZ, A7V 254 DIEHIC
WiZCTHRETS. COZZ2774 A RN,

o N—FRUx7RIA4Y (=47 =2 ) JrofE
WEtRd 5.

FITT2T M DT IA VR MIEST, 1D2D74 12
WMLT1IODATY =7 bfEIZhE b, 7
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Dl VeI VENTHRKS ZeMAHEr b, ZDIE
ERDISICTAY (=TT 22 b) RIETS. %
o= FTIELUTD22o0%175.

o FTURALPLEERINIZALEDIA Y (=47
Jxz7 b)) BTEEBREZITS.

o ATV IrDTIA VR MK oTHEL ZARMH
DR EREEE BE TS 5.

RETI, FT41HTAH ISPz D774 X b
EHAL, 428iTo4 Y (=472 =227 1) ZrilE
WMEERT 22 2MATS. 2L T, 43HiTAH 7Y
DT IA RN Ko TAEL 2RO RERDE
MEHHT 2. 024 2 oiERENEZRALAD S 4~
(=472 =7 F) MTOERREICOWTIE, 74 VD&
PRELHEDIANI AR BCD A TH 5.

4.1 AT FDTIA4URAV

FTI2T bVDTITAVAYPNZE-T, 120DF74
WKHLT1IDODATY 22 b hsZ i, F
TV VeI A4 VEATRKS ZeMAlREE 2B, K10
BATO27 D754 XY POMTFERT. EAVEE
DAEVEET, THA T2 D774 X Mk
HPAXEVEEERS. ZHUTE-T, A7V =2 bR
WHIA WINIETE2HDERS.

SL4>
[ type A] typeB
FRLZ type|A | typeB |
| |
ATSI UM ERIATRE
type A | 0
type B 0 KERAEI0TIEDHS
type A | 0 F—=H 5O hH
type B 0 ENI0ICIRBDDT
type A | 0 B<EHEENS
typeB | O

X 10: #7922 D774 X2 b

2 ATV DT IA VAT EoTIA VD
BHICEREEEAEL, T2t 22T, B
DORRBFEEZ, KTRT LIl rits. Zhic
¥oT, ACEDIAY (=F7Y =7 b) BTHERL-
BRZ, ZOFHOESTErLRD, EFICELEmHEIN
5. oT, T=RDPWoLLILITEBA—N—~v FiZ
FrAYRW., £-%BAR0 43 EHTHHAT S ES1T, 2D
TR E AR ERE L TS 2 2 HATRETH 5.
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4.2 N=ROxT7IC71 0 0REREIER

AEITET VY RA DB TA4Y (=F7Y227b) Tk
OHIEREIERT 2 HIEEHHAT 5. BCD TIXEKERE
R BS54 DBINZ, SAvo—HERDE L
signature I232WTIT5. —J5, AOBD TiX, A7 =
7 F T DRMERERR LT, ZAUHE W TEEREN
ROTAVEFERTZ. ZOHRE LTUTD 2 0%
g5,

(1) MEHEEA: 7> XA L5 signature & LTHLD
WD 74 > OfifiZiEET 2. Z2L T, N—F
V=7 T ZDERICHEDE, {HEINHEOEE
signature ¥ L CERT 3.

(2) EFEEEAR: XA L0554 22 DRERD
ID % signature ¥ U CEZEES 5. ZL T, N—F
v 7 TlEZ DBEREIEE X1z signature 2T 5.

ZRNZhDHRITOWT 4.2.1 i, 4.22 HTHFHL L FiH
T 5.
4.2.1 BEEEAR

—RINC, 7V RA N, A TY =7 S HEEOENER
D ID ZFNHICELFEETKR>TWVWS Z2HZ . AOBD
TREA T2 D774 R MZED, 94 YHADID
OffEIREE SN S, BHEEEAATIE, V212056
N—=RT 7 N\ TA4 Y ECH?IDH7OHEFADIEE %
TV, EEININMECHE 74 YADID 2BET 5.

Bl 20X, MAIAAS AT AT O JavaScript 7 ¥ % 4 A
TH % eJSVM[17] TiX, £ 7Y =7 bOSEFHD 8 25 15
NA TERTHELID & LTHIHTE . ZO8miE, 47
Y7 b ORERITHEARTD % Hidden Class ND KA
VREMLTVS. M1l 3ZZokTFERT. Ko LK
D 7 A4 XMEHERE S T signature DfSEZERL, T
D7 4 & BCD @ signature DIEEZRT. ZD X
RXFD type ID=2 D% T > XA Lh b — FIZHE
JEL, »N— KT signature ¥ LTHEHT 2. —7, BCD T
35T — FDEA 2 34 b % signature & LTS %72
», A7V =7 bOENC X BHEMTZIRW.

R E A ROREE, TV A DEF TV 227 b DT
FAVAY MDEEET ST AOBD BEHAREL 72
D, ZVEALDBENDRV. —F, B#Ez LTEMUT
D2OWH 5.

(1) 24y kicAT7Y =2 PRI ID MHHEICHD S
FETHDIAEFN TV EIREDRD .

(2) 254 ERESZF TV =2 FTIE254 YA
FEIIAEROBUSHNAIRET H 5 .

(1) 12DV TWE, BHEEHEEFRTEN—FY =705 ¥ &
A L SfRENT-HiFHD S ID OIS E(TS 728, ID B
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51> (6a)\A )

©123456789abcdef
\ [ type 10=2 | | | ]

SA2=AT ST bD5EENS ox8-oxf /{1 MBFIC
Hidden Class AR IHEMETNTND
COfIEZE ID EUTS A LNS/\—RICIBEL, signature ZHUS

[28] 28] [28] [28] | ]

BCD TIEF&T— RDLEAI2/)\1 h%Z signature &UTHEIDH T8,
AT 10 MOB(CKDHEMTZIRN

11: M€ T & % signature DIEE

BHICHDIAENTIGEN—F V2 7 OHENKRELR
3. (2)1Z2o0nTiE, KI1227R3kkC, 2 74 >~ HURERIC
B ID BEERRW. Lo T, N"—FY =7 THIET
LIEINNMBOTFT—RIZID OF— R TIERWV., £z,
N=RY 27 CIIERE LBEINH#HEICHZ T -4
MWID TH200HWNITER V. 2D, ID TERWL
7 — & % signature & U THA L7z ¥, MR TN
ROIRWATRENED D 5.

64 )1

1D KRV
51> 251 VBLEITED
ATSTO

12: 2 74 YR EICEZ ATV =2 b

4.2.2 EFEEEAR

BEEEEHRTIEI VXA LTUTFD32ET52 8
T, BRI AN— R = 7 1IZBUERD ID % signature & L
THIET 5.

o IV bOEBEMDID &, ATV FDMS
A Y EIH B DIEHR%E FAWT sigature Z51HE L,
RIIZZ A4 IcEID BT 3.

e 74 VITsignature ZEHID HTHHEE, 4 DT K
LAY TV &RA LNTEHA LTz signature Z518& 3 2
API 25 %. APINTIZ, EHGHICL > TH—
KD 271254 > D signature 26X 5.

o N—FYxT7IIZITE - /- signature 74 > T I
BIET S, signature DX EDEALNLEEE LT,
N=FR7 2 7E 74 VIZWIET % signature % Trans-
lation Table DY b Y DX X F—X ¥ LTHNT 5.

EHHEEEHRONEIZ229H2. 12 F 7TV =2 b
MBI ID ZHRHNCHIAIL R W T Y XA A THoThH,
signature Z B § 2B DHEEZITS 28T, F4 2
& D signature DAEREEH D B THA[REL KD, 51D
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i, 724 LMUTERDAN ORI E signature IZ3H DA T
Zr T, MR EAEXEE e TES. K13 24
ELTHWTHAT 2. CoREZ2 74 M EcEs 4
TV bDETA I LT signature DE D HTEAT
IRTFERT. ERORIFEDET A > D signature &R
3. ORI, BIID TH 3 typedd & A 7P =7 + D
74 Y H»%/RT lineoffset 5|8 & LT signature % &
5 % makesig B ZRET L 28T, 2 714 Y HURE
& [EMEICHRIY A signature ZHI D H TR Z B TE 3.
MY LT, EEHEE ST signature B X X7 —X &

X 64 )\ b
signature

make_sig(type_id=2, line_offset=0) ‘ m

make_sig(type_id=2, line_offset=2) ‘

‘ make_sig(type_id=2, line_offset=1) ‘

make_sig(type_id=2, line_offset=3) ‘ |

13: 2 54 YR EICHER A TP =7 D signature DE|H T

LTINS 2 720 DEBAEMTHEICRS. BCD L]
BReEANTEEEESRNE ERD, signature &7 4 >
DT —RZDLDDLHEITEINS. 2D, 74 LD
signautre QHIFHZFEE T 5 Z & T signature Z T X,
JBHIT signature 2N T 2 AEDSDE RN, —F7, BHEE
BEARZT VR A 21T & o TEHE X /= signature % fiff
H¥2. o4 Y EDF—RIZEXoTRESBHDTIE
WD signature 2D b DEFINT 20BN D 5.

4.3 T TAM A2 b & BKRERDREEE D ERNE

RETAT S 27 bDT7 T4 VAV b XoTEL ZAKM
F ORISR O EMEZ 35 5. BARIICIE Base Line 12
B EMEITS. K14 ZHWTHAT 2. KoK TFokk
2, A7V DT IA YRV MTEoTIA4 D%
WCIERMH O v XN BRI T 5. Base Line
THHA L ED IhERE R 570, 22O
MUTEMETS. Yol In Mmool -rta %
ZOMEBIC X o TRE LTy a— F 3 2 Bl [EiEE
Base Line IZi# 3 %. Base Line ®EMEZE DY A X1k 0]
Z D7, Base Array 1 Diff Array & EREREAATHE
fit% D Base Line 2185 5.

Base Line O LA ORMH O vl X 7-FRHE
TR L TIT S DD TH S0, MOfG ich 2750
HORXEVEETIEZOEMIBITIERV. Ko TAH
¢ TlX Base Line D[EfEE, #7527 bDT7 74 XY
F2ITO XA EVEHEDOEMFEDOADLT T a e LTE
s 5.
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SA4>
[typeA ] typeB
7ruz | [DPEAT GReB ]
I | BEOAEVRETIE
BTN
AT OB
ZHATERE
type A | 0 .
type B | ) BTN
type A | 0 Base Line 0
e T 0
type A | 0
typeB | ©

14: 774 XY PO XEVEETOD Base Line O FEAf

5.

ARETIE, 4 ETHALZLRETFE AOBD b BIFFE
BCD O iiZ17 5. AR TIXE S 5.1 HiCrHiliERsT 2 it
L, K52 HiTAE Y FAROFEFELZHHAT 5.
Z L THmEIC 5.3 i CaHiifE RICONW TR S,

5.1 FHEERIE

AREFFETIE, 7Y =27+ ORIEEHNHF] L T
b3 2HBER >, A AT X T AT JavaScript 7 >
XA LD eJSVM IIRBFHELFELE L. 2L T, EHER
Z¥Ial—YaYilkoTiiLik. RVF=—21F
Cross-Language Compiler Benchmarking[18] 225 9 DD
Turs aEERLEA L. 02T o 0RER @i
v —)L Pin[19] ZH L, t— 7HEAD Read/Write 7
JER%E ML —RE LT L ML — % AWTEHii %
Tolz. ZOAERLIZFL—REANE LTEINICT 0
FAEFETLELEDOFEMEY I 2L —Ya vy L. [T
DFFEL LTHR1ITRLUE 7O L CEHMii &7 - 7=.

£ 1: FHili 3 2 EREFIE
AL: A 7922 D754 X b
BL: Base Line Xt U C/EMEZ1T 9

Fig: XE ) EE To | Base Line
faiE JEAE
BCD T N/A N/A
BCD-AL 754 A | N/A X
BCD-AL-BL 754Xk | NJA O
AOBD-INDIRECT 74Xy | [ X
AOBD-INDIRECT-BL | 754 X~ b | R O
AOBD-DIRECT 74XV | B X
AOBD-DIRECT-BL 74XV | B O

5.3.2 BiCOFMIiZPRE , AREI IR RN a > ¥ a—
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RDAEVH A4 X%HE LT Base Array, Diff Array 2%
NZN2GB DORXEVYZED YT, Fiz Way DEUZ 32,
Block DU 256 £ 7% L=, AR CIBEFTiE BCD,
REFIEAOBD D5 5% Block DRKESE 8 N1 b
T3, ZAUI8 NS P KERNXLTEIET, EEk
DIA DY A XD % & DFHICIEET 2729 TdH
5. Base Line ZJEA# 3 255 D Base Array % Diff Array
DESIAZEY A XD T4 > 2T 25513, Way DL
¥ Block DB ELLT 5. Zh&oT, hEWH AL XD
54 VDR LT Way OO FIRICET 2 2212k 2
Bucket IZHH XN TRWESFENIEL 2D 2.

5.2 XEVEREDFESE

BCD DX D EFER DFHli /7 iETIE, HEL 32X
VERRIC, X'V EMORNR Z M 2 13 AE Y] 72
XEVHEEE . ZA2HHT 272D TIEXE Y 2
BB R—YaL 7> ay (GC) {75 T VXA A
PHRED K S BEEICEEIN 0 ZHHT 5. XEY
12 ® % 22[H1X Reachable, Unreachable, Free @ 3 ffH
I 5.

e Reachable: 7> XA L0 HEEARERAEZTWE A
TV MR, BERREL I e ST AT E
NTWB e ZBKRL, FEARERA 7Y 22 P&
Garbage Collection (GC) 12 & » TR X A7z,

e Unreachable: 7> &% A4 A0 BEREARRRERA T =
7 NN, GCEITHI ZETZEDOATY =7 hHH
RXN 3.

e Free: 70X A LD 7S LADETTIIMHIN
TRVRVD, [EATAER % S SRy L TBRahT
W3, RIS &k 22 nn R L AThRT
W3,

DI, Reachable, Unreachable, Free space @D Z 24D
WY A X% R, U, FTRT. $7077L0FETICk-
TR VHEEOBY 4 X% O TXF. O1FX
£V LT Free BZEMMANDOIKEY A4 X, DFDH R & U DA
WWEHELW. XEY2ROMRY A XIEHTET. 7LD
BERER21CFELD 5.

£ 20 TLDVRTfE

B fi&
R Reachable 72 X &V fHB DY A X
U Unreachable 72 X & U fER DY 4 X
F Free 72 X € V) fHB O A X
O(=R+U) | 7877 LOFETTHH SN ATV FROBLY 4 X
H(=0+F) P ENOY R 2

ARFFLE BCD OFX TEX €V HHBEOEMENRZ -
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TW5. BEFIIZEIE Reachable 72581 & Unreacheble 72 X
BVFHBOEFHTH 2 O ZHWTEIHiZIT > TWizDxf
L, AW TlE Reachable 72 X £ V fEEBOEHE R %
W2, Unreacheble 72 X &V fHIHIE GC D) (X4 I~
7)) KRFLTXEVEHENZEDoTLEY, XEVE
MROZNREMPICH B Z e 23T ERV. DLE X DARIFFRT
BXEVFHEOAMEIIR L, TLEHAWTEMED
Az R"TeUAToX1 k3.

_ Compress(R)

FEfi 2 1)

4

5.3 FHEER
AEICIERFHEERICOVWTIRN S, %3 5.3.1 T
ZFE AOBD & BEEFE BCD I LT, Base Array &
Diff Array I T3 XEY) (2 GB) ZEI DY TEHTOD
[EMEROBAERE RS, 2L T, 5.3.2HTIEXEY DY
A ZXB/PNEL L TWVWo Tz EDEMERERT.

5.3.1 BCD X DEfEROLEE

K 15 ENY F2—271I0F 5, ZFEDOTHMHELRT.
XDV F2 =7 L EFEERL, vy MO EMRE RS
DL, BTORYF<—2THRW AOBD D J5hi 8
NTWBZehbhrs. AOBD ORE, HEEETEHRDF
YR Z N Eh 75.3%,76.9%, BE LR IE 44.9%,
45.0% % FEZE/M L 7.

BCD-AL-BL B AOBD-INDIRECT

H AOBD-INDIRECT-BL
120

AOBD-DIRECT

AOBD-DIRECT-BL

100

80

60

EHEER (%)

40

20

15: [Efi% (Base Array: 2GB, Diff Array: 2GB)

16 1ZBFEO LR ONRE RS, x#MIBFE, v
WNEAERE RS, FD Translation Table, 7745 Base Ar-
ray, #%2 Diff Array Z/RS. 2O 7XkbH, AOBD T
13 Diff Array O 59 2EIEDVNE L ko THB Y, HERE
DRNRINATONT VWS Z e bhb.

171, FEfEDFNRAVIE 57Xy F <=2 CD.js DI A ¥~
DIEMEERY A XD %ZRT. ZDZJ 713 Base Line &
Diff Line D &aI %2 &E5H L7=2dDTH 5. x WiHEMKD 7
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TIEMREDOAER
H Translation Table M Base Array u Diff Array
100
90 |- e
80 f--i el
70 | el e R
IS [ BN M (B e |
é 50 f-f el B L
B 40 - - S - - -
30 |- R - S - ..
20 |- B B B oo B
10 - BB - S - -
0
% > 4 o 2 o 4
& ol Y & & & &
& oF & & ) &
* > & & o
O A o Q
X Q'\ A Q
v & ©
v.
Method

16: VLR DWR (Base Array: 2GB, Diff Array: 2GB)

A YDYAXT, yEHIR I A O ERT. LRICH S
2o5m2° 57, BCD ¥ BCD-AL TLt#{3 % &, BCD-AL
DIRT T IR oTWBZ s, 754XV b
BEMOMREZEHD TNE I ehbhrs. %72, AOBD D
TRy BCD OFEEEKT 2, BHS2IZ, AOBD O
WS FR STz 4 Y OBHZ <, AOBD OFHE
TR TH 2 Z e b5,

BCD BCD-AL
3500 3500
3000 3000
& 2500 g 2500
A 2000 A 2000
Y
N

Y 1500 - 1500
N 1000 I 1000
500 - . 500

0 - I | °

8 16 24 32 40 48 56 64
EMgYIZ (U R)

AOBD-INDIRECT
3500 3500

8 16 24 32 40 48 56 64
EHEgYC4X N R)
AOBD-DIRECT

8 16 24 32 40 48 56 64
EMEEYCZX (1 R)

8 16 24 32 40 48 56 64
EfEgYAZX O R)

17: CD.js 74 ¥ DJEHEHY 4 XD 57 (Base Array: 2GB,
Diff Array: 2GB)

5.3.2 INSWXEUADEMHBDER

WEF7FF1 BCD 42 % F AOBD T3 Base Array &
Diff Array IZH|D B T2 XEV DV A AT K> THEMDI
BOREDLDLID, ZNEDY A4 X2 2L X8 CEHiiZ1T -
7. 22T, HAWNRNHa Y 2 —2DXE YT A X
P OIAIABT AT LDRAEYF A LT, WLV A X
DREVITH L TEMFEZBEHL, FHBiLZ. 2Tk
D XEY DY A e B X/ REDRE L JTEHEFIEDI IR
W AEY DY A X 2HERT 5.

F7o, EREFHEL BCD TEXEV VA XTI, b
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7% Base Array %° Diff Array D% 4 X, ZhoD7—71
M DE Y] 72 Way 2=° Block 8z ¥ DT — X — R H 7z
5. ZZTARIMRTIE, ITORIITTRTAEY 4 X%,
ZDXEY YA X D Way 2% Block #DRERK % FT-iff
L7z, ZHRBHEARIEIZFXFR]T X —RERITLHEY]
BRYDEMHATEINETH D, TNOHITOVTUIELH
RBELRTHRWL., ZD70H, T I T BCD Of%ET
VBN TWERI XA =RETLIZ, ATV F A XZHWT
A= 7 UIEZ AW, &EB, BCD OFFHIE TR
Base Array & Diff Array ICEHID ¥ T2 XEY DY A X%
2GB LEEL, ZDXEY OV A XTHEMHBIRNE 25
Way O#, Block D% BE L TaHiiZ1 T4 o Tz,

£ 3: XEV DI A XL Way OB, Block O D%

‘ P AR ‘ Way ‘ Block ‘
64 MB LUk 32 256
1 MB L L 64 MB i 16 128
32 KB U E 1 MB i 8 64
32KB £ 4 32

AEHTIEXEY 2/hS L LTI 21774 o TV 728,
Overflow Region "D 7 4 > DABAEL 5. 22T, &
MERFEATON TV B0 D h2HE T 5 7= DI
K PIAMZ Overflow Region 12k N/zo 4 v D7 —&
®IZH H T 5. Base Array, Diff Array & %272 D Over-
flow Region TSI N7z T 4 VidHEEI ARV, 207k
8, Overflow Region IZH 2 7 4 U HBEZWIEY, EMOR)
RIMET T 5.

Base Array ICHID Y TE2AEYV DY A4 XE/NEL LT
WE JEREDRIERIVICHEEE S % Base Array O A4 XD
Refihole. HICEBRDBERR L R Z A TITIRRS.

o ZFEEHTII Base Array % 32 KB ¥ THiZ/NLTH, &R
VF—2 Tl A Y Overflow Region N\ DA&HNDIFE
EL o7z,

e Z I T, Base Array % 32 KB ¥ iREL, 513 Diff Ar-
ray DY A X2 Z( X8 TR &2 1772 - 7.

o R Storage.js HbRWIRYFv =2 T 0T T LT
X Diff Array O 4 X% 256 KB £ THi/hL Td
AOBD TlZiE & A ¥ Overflow Region N\ DFSADNE &
Bhol.

e % ZT, Storage.js DFHlifE R T AR TWVWE, XEVD
P A4 RO X 2B 2R L /2.

e Storage.js ANV F~v—2rT0 T LADHT, 5.2 HiT
FAL 7z, 7> &4 LHFEATRE (Reachable) 7274
TV x27 POIAXRPBOBRENRYFT—2 T
B 27J LATHo 7. Storage.js TlE R 1F#H 450 KB T
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bH3.

X 18 1% Storage.js T Diff Array % 1 MB ¥ &%7& L /=l
DHEMERERZ R, KO%KEZ DIff Array 2 Himhic 7
4 > ® Overflow Region "MEH X /27— X BOEIG 2R
9. XITid Diff Overflow & F XL ZDFTWa. KED
UTozZenbhs.

e BCD O FETIE Overflow Region ~D 7 — X DA&HH
MNELEETNS.

e AOBD OFETIE Overflow Region N\ 7 — & DFEHA
PEE AAEEREZ TR,

o AOBD OFElZ BCD O Fik & LB R EHEDT T
ZTW5.

H Translation Table H Base Array u Diff Array H Base Overflow ® Diff Overflow
80

70

FEAREE (%)

20

Q N N A N A N
O ha Q' 9 b (9 Q
M & » & & & &

& ‘ o & 9 <

(o4 N & &
L3 N O &
> N 9 o
S o S &
¥ & ¥
¥
Method

18: Storage.js EfiEfG R (Base Array: 32 KB, Diff Array:
1 MB)

Diff Array DH A4 X R IDHKRZ2VDIZHrHrbDT,
Overflow WFEAET 2 DIE, 7027 ADFEITRAICIE R D%
2~3fEDRE VRN T V2 A ATHHINTNS 70T
H3. TarTLDOFETRIC Overflow Region IZHEH X 11
7z Reachable 724 7' = 7 MZ, GC#% b Overflow Region
2%,

& 512 Diff Array IKEIDHBTEXEYVEZ/NSLTHE
AOBD T® Overflow 23543 %. U ELD, fHAAARY
AT LTHFEITT 27077 MUKIET 55, Base Array 12
32KB, Diff Array 12 256KB LU E#E| b H-T7=KF AOBD I
& 2 FEREIRIRITZ kT3 5.

6. ¥

AR TIEZ Y EZ A LEN=F D =27 DH#HIC K> T
() ATz bDT7 74 A M7 e, (2) M
BWE T VXA L HN— RY = 7 AFREAT D LA
MEDEW X E VY EHETFIE Aligned Objects Based De-
duplication (AOBD) Z{2% L7:. AOBD Tid4 7> =72
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60 [ B
50 ([N .-

— — I |
40 (- - B - S
” 1 B . 7777777 . 7777777 . 77777777 B

_—
N 7”. 777777777777777777777777777777777777777777 -
0
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M OBELME R A TEERERITS . MR O %
AOBD ¥ BEfFD X &V [EiFiE BCD IR L TiTR - 72
AOBD O E A, BEEHEEAUEBCD &L T
ZNENFT 22.3%, 20.0% @ WEMERER L2, Fiz, #
BIAB Y AT KENT DY A XD/NE WX E ) BRE L F-5F
flib 17 - 7z. BLK AOBD X Base Array, Diff Array (&
DETEXEYVDY A X T2 32 KB, 256 KB <5
WET/PHNEL LTODMRIIIA Y EEEMETEZ
Dhho .

SHOBELY LT, X7+ —~<YRAOMENDS. T4
> DIEHE & BB A —N—~y FRH D, ZD
WEILTTARND X5 /hXnb o FHIND D, E
BUCHRETEORREN L — N =y RN X W v %
ERNCHEDD 2 NENDH 5. R FAKOAHAZ DD
BCD T, ZDJEHEL EIICHERRE- DA — =~y
RN EW[12]. AT 4 Y OFEMEE T A Y OEH T &
TUERL, FY v aPbAEUANE TS UBT 4 LEN
BRI THN S 72 TH%. AOBD TiE BCD kRIS
A VDEMEF v v T aPORXTEIANE T URT 4 VX
NBRITbNS. FAROFIETEMSLERAEZITS 29,
Z DEFEM A — N —~v FiZ BCD ¥ EEI/NE WD D
LTINS,

F7z, EMECERICRERRER & A, REFETIE
FTO 2T DT T4 R MK BLERW A — =~
F2BH2. ZO7I5A4 XY MTEOAEUEREEAEY |
TIENEINCEMETE 270 RKERMEL TR LRVHD
D, BHINEHBOF ¥ v a2 ETREBICEEZEEL
TLES. 20k, Frvya biZBWTs ZoME%
ER D DRIRINC AT 2 FIEOERLBEFEFE [20], [21]
DEHZ S EMET 5.

BiEE AWFZEo—EBE, JSPS RHFE 20H00578 B X
20H04153 DI EZ I/ dDTH 3.
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