it FABHiT & 7 R B W]
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RRETE

F10 HAFUR - T—EAR—RDOEXREE
g20 T—2ETIL

#3E BERAHK

Fah F—EARN—REH%E

FE5E JL—arDIERHE

ol mhEEED

%70 BRT—EN—XEEE(SQLT)
%8h BRT—EN—REEE(SQL2)
BoME AEHET

F10E T—ADOREHEE MySQLEE
F£11E ~SUHYHLaVEE MySQLEE
#1206 EFEE MySQLEE

130 ST —IRN—X MySQLEE
14| HIRFELD

g15E [GAEMEERSA MySQLEE




12, A EFREM

AREAE

B XMLT—4R—X

B OLAP (online analytical processing)
B XN7RTA—Tx

B IO HMERT—ER—X
mLT)r—3y

B Google File System

B BigTable

B T—3R—XDOFEEM

Hiroshima Institute of Technology 3

12. R EFRER

1. XMLF—4~R—X

B REWebR—TDOREMRIZIE, 1989FICHBRLFHTML
(hypertext markup language) &L\ —9 7V T ERE
(markup language) A EIZALSNATLNVS,

B Y—O7YTEREIE XEOBECRRALEDRBTHS
4% (tag) EXEDOPIZFMLI=LDTHS,

B X5(2, 19984 [ZIIXML (extensible markup language)
MNHBRL, BEEXEORBIITTES, WebZGEEANLT-
— R T— 2O ERITBICLF AN D &SI E 1=,

B COXMLERSI - DBEER T 5T —FX—REXMLT—
AR—X (XML database) &LV,

Hiroshima Institute of Technology 4




12, FGR CSRER
1. XMLT—5~R—2

B XMLT—4AAR—XI[ZIE, XMLT—32%2FDFEEBREFEDT—
AR—R[ZH#F B “XML EnableT—4~_R—2R"&, XML
B FOBEDEERMTHCENTELIERDT—ER—
ATHB LA TAIXMLT—ER—R" D22 H 5,

B Ff-, BETIEXPathOXQuery THRET BT —4R—R%
XMLT—HR—ZERERTEN BN,

B R/E, EAVLLATLSIL—2atILT—ER—X T,
—EER SN =TSR EEERPICEET SN —H
BIICREGDITHL, XMLT—2R—R[EXIEE(SHRIRIEL
BLEEbh TS,

B Li=oT, BPTT—RBENRELT HLERTRELS:
VAT LRBRZEEBRBBRZITITICENTES,

Hiroshima Institute of Technology 5

12. R EFRER

1. XMLT—3R—X
XML EnableT—4~—Z Dl

<EMP>
<ROW>

<ENO>0001</ENO>
EMPZ CENAME> 5 A — </ENAME>
ENO |ENAME [AGE <AGE>33</AGE>

0001 |{kBEA— | 33 </ROW>

0002 [l ;% | 44 <ROW>
0003 '{ﬁfé]vl, E 53 <ENO>0002</ENO>

<ENAME>LJII 7¥</ENAME>
<AGE>44</AGE>

</ROW>

<ROW>
<ENO>0003</ENO>
<ENAME>;A ¥ IE</ENAME>
<AGE>53</AGE>

</ROW>

</EMP>

Hiroshima Institute of Technology 6




12, A EFREM

2. OLAP (online analytical processing)

B OLAP (online analytical processing) [%, BIEELEM
T—HEZANICRE - EHLTRBERCHREERRETD
BEETHY, o710 BB E XS RTHTREEL
FEIEh b,

B OLAPI(Z, i, B &, BRGEDHBZMET HZRTE
BMTT—4%AT, ThoD#IHTHHEEEFTA
VTS EICKY, SESFLEM T HERARELT—4
AT IRETHS,

Hiroshima Institute of Technology 7

12. R EFRER

2. OLAP (online analytical processing)

B OLAPDELFEHRELTIE, F14L0T, RSA4V0T, B&
VRYLE IV D BB,

B FALUT(FAR) &, YA4anZzENT LIS BT S
T—RMEEZDLTHD.

B RSAVVT(RS4R)E, 200#%ERINLT, HEDES
(128 RBITHLTHD,

B FYLEIVIE, “REHITTTRO>TLK"EHRNSEHS
NE=T—ah ol T—INERREBRYIAATINILT
H%,

Hiroshima Institute of Technology 8




12, A EFREM

2. OLAP (online analytical processing)

m eI, REORFTERETHNIE, MR, TRR5 ],

FrARIGE DEEREL,

> Mg e RARFERE], M8{A I LnihigRIR5ESE
BIOKSICHEANBATHETEF1LU7T,

> THg Al ST RS R IEEEL T AR D¥BE LR T
BRGAIUYT,

> LT, H5ICEIT5H5mMmDRTTEE A BITIEA
{, SLICHMEABIDT—E2%ERTTIRIILA DU
EDREERYRTLETITHONIS,

Hiroshima Institute of Technology 9

12. R EFRER

3. AMNZRFAaL—o+

B AF7RFOL—T¥ (stored procedure) [&, T—4R—X
[CxT3—EOUNBEZFEEDH-TOL—T v (FHEE)ICLT,
DBMSIZR%&E (k#R1L) L2 D TH S,

B Rc7RFTAS—Urld, 7TV r—arhinbsSQL XZkY
HUHEhdE, DBMSY—/A\NTEIET S,

B EE, HET SQL XOFUHLE, REMNIC—DDNEE
GIICEESD T, HHEIZFDZKMTRUHEDKIITEHESTLY
b,

B 120F7AL—U¥ICE, EHD SQL XMREFN, ##YIRL
PEHDIEEEDHEEEEE O EEH D,

Hiroshima Institute of Technology 10




12, A EFREM

3. RAMPFFTRL—D¥

B REFRTOS—DrEFIATEHILICEY, ROKLS5GA)VE
"Hd.
@ DBMS (21209 D SQL XEHRITTHIRLEI LG5,
@ RYNI—VLEDST4vIZEHIBTES,
@ HoHMLHMERAEA DBMS [CHFSh, EXEHTO
BHE~DEENFA TS =8, NEEREAEHS
hd,

Hiroshima Institute of Technology 1

12. R EFRER

4. ATz HMERIT—EIR—R

B AT VxHMMEMT—42~—ZX (00DB : object oriented
database) (&, A7z HMERTRI SV TRESA TV
FOBERXTRESNDGT—2EHBMNTHT—IR—ITHY, *
TOTHMTF—ER—REBLNS,

B OODBADEINLE, A7z I/MERD L AT LRARELUVS
AV T DREGERBERERICEWVT, 7IVr—3vTd
ASLMNERLEAT O HMNREL, Kt T20EME
EHITEE-TE-,

B 1980FERFBEICIIBBRDOA Tz IMERT—IRN—RAEH
25 L (OODBMS) AR AShI-A, AT HME
BORATLOGEDITTHY, CAD./CAMELNS-TID=
FITSHRRILTHT=,

Hiroshima Institute of Technology 12




4. FTOHMERT—ER—R

B 2004FEEHNS00DBMSHGERENSELS5(24Y, OODBMS
DH mEELDODORDBMSDFEL\FESZEHY AN -=OODBMS
HENRHEL, KYBEWSHFAOBERAENREFEF->TLVS,

Hiroshima Institute of Technology 13

4. ATz HOMERIT—EAR—R

AT HOMBERAT—2ETILOBE

B FY, FITPIMERT—RETI TR, REROTRTE
ATV x4k (object) ELTHRAR, HEFITPIMEIL AT LE
ET—ELA TP UERF (object identifier) D,

B AIVzIMI1 DL L DEE (attribute), EXUT1DLLED
AYYEK (method) &4,

B BT 0/37 4 (property) ELFEIEN S, AT VNAD
B, EEEHTE)ELS, TOELAFTOIMTHS.
AVYRIZEEDEICERTEIEDTHS.

Hiroshima Institute of Technology 14




4. FTOHMERT—ER—R

B AT IONADREEAVYRIX, EDATOIMAIZHT £
JU{E (encapsulation) h, ThoIZ7 V2R T 51=HICIE,
AT AvtE—T 89225 (message passing) 3%
HERHY, DEShAvE—OF B FA—T7—AMAN

5hb,
B F—DREEAVVFZEEDETOATSIMDEENRIFTR
(class) TH 5,

B S RAMICIE, V5 ABEE (class hierarchy) ELVSEEE BT
HEHENTE, RO TEDITRATHLIYTITR
(subclass) (&, ERIDISATHAHA—/\—IF X (super
class) DETHEMEEAYYFZEH#E (inheritance) 35,

Hiroshima Institute of Technology 15

4. ATz HOMERIT—EAR—R

B HIOSXE, $ERLE-ETOREEAYYFOMMIZHT IR
EAVYRZEBMTED,

B Y ITHOSADERBETHSHM X2 X (instance) [, R—
N=DSADAVRAIVATHH Do

B HTHOSRER—INR—IFADMIZIE, ELZRHE
(specialization) &A1t (generalization) DBFHEMNH 5. 7
DIRER—IR—YSREFHELI-LDTHY, R—/3—H5X
(FHTOSRERELI=EDTH D,

Hiroshima Institute of Technology 16




4. FTOHMERT—ER—R

B OODBMSI(E, #T P IMERLV AT LR, 8&UFTx)
MEMTAT ISV T DEALET —FR—RAVRATLIZERYA
Nt THY, EHET—IBEOIIFATAT T—5(X
B A/ ERE, SEEHRET N EXRREL, 47
Drx/MEROBZICEYREDED R LELE-I-EDTH S,

B FIOTIMERT—EAR—RERETIRICEELILE, £
DESICLTHEDBELIRDELVELD VTR (class)E#RD
[THMENSTETHS,

Hiroshima Institute of Technology 17

4. ATz HOMERIT—EAR—R

BITVATLOYUEFREISADH

class YEFHEE
inherit &R1T O EE
prosperities
A& S: Integer
EE: BE
AL Money
operations
create;
calculate_changes(Bi#5 B ,# T B: Date ) : & fi: Money;
deposit( £&%H: Money );
withdraw( £&%E: Money );
end Y EFHE;

Hiroshima Institute of Technology 18




12. BHEZKH BRI
5. LFY5r—3>

m LJ)5—i3 (replication) &, 5T —2R—RELLE
CHEOER (LTVh) ERybT—) LICHEHEEL TDBMS
DABHREOTA—ILM LIV R 2L T HFETHS.

B CCT, 74— IVFRL S X (fault tolerance) &l&, S AT LI
EENRELELEIC, EELGBEZREIITIENDILT
$HBo

Hiroshima Institute of Technology 19

12. R EFRER

5. LF)r—3y

B T —AR—RTlE, HROT—EIR—XE1 DO T—4R—
RERBGLTIMS Yo a0 RBRITHNIS,

B R T—AR—RDL T r—2avig,
F#L 74— 3> (synchronous replication) &

JERHEIL )4 — 3> (asynchronous replication) Hd 3,
B HE X T—2OEHEFICRACINS VI aVvNTERT 4%
BHL, BB FIWMILFILT)r—avBBEIC& >TSS

Yo avn CERELTERT—25EHT 5.

Hiroshima Institute of Technology 20
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12. WHARKKERRER
6. Google File System

B 5= II74AILL AT L (GFS : Google File System ) &1,
T—=T UM BICEHARLE=2BLEBIFANIVIRTLOIETH
%,

B REIVCUTHALGooglelZld, yO0—SMHEHTE-KE
DAVTVY, GMailllGEDFIAENRETELIXREDTIFAIL,
Google Maps+t>Google DocumentZENTRTTHIRED
T—RGE, REDT—EHRRESI TS,

B COREBDT—HEREICRETIEODIHIFAIVO AT L
MGFSTH S,

Hiroshima Institute of Technology 21

12. R EFRER

6. Google File System

B GFS(d, BB H3TRI—U—/\DM1DOFHEL, TOEETT
RKEDT—IZRETDHVUTINTRI—BE"IZHE-TWS,

B GFSI%, GoogleRERIZHELNTHYA—FOAUTYIREND] -
INYFRBIZERASh TS,

B GFSOBFEMELTIIRACI7AMIVERLST I VICERBLTE -
BEIET, —EHOIIURHRBELTEI7MIILBN Kb nE
WS RbEIFEND,

B GoogleTIXAAELDHT— /AT UNEEREBLTLNSD
'C*.f HFLEETOIIUNRRLLRETRELTL\SDIHT

B HHEEOBE NS I7ANIVATLERE ODILIFERT—4
#H/OLTWETH S,

Hiroshima Institute of Technology 22
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6.

12, AR EfHREE
BigTable

BigTable (EvJ7—7J)L) X, GooglehBAFELI-GFS_ D
T—EAR—RLRATLTHD,

BigtablelZ, Googlet®&#(IXL &, YouTubet>Google Map,

Google Earth, Google Analytics, Google App EngineZs
g, T=I1L082LOTaTIrOERLLTHIASATL
Google i EDWeb ®RERY A, FRIICHFPDWeb R—
DEPRLTEE, FIAEISDRDIZIEL, YUELT-Web
R—CDHEFEZSRLTETGEWeb R—OEFERNTHAY, 1
BT U TIIMFLHAHELLVKEDWeb R—OT—42D R
FOREHNRELLSD,

CORERRDT-HIZ, GFS, MapReduce, BigTable &L\5
=00 MNEESNhT-,

Hiroshima Institute of Technology 23

12. R EFRER
6.

BigTable

GFS I%, BBDVL DT RVEMAEHLEREREMIZ—D

DIFAIVD AT LELTRHTEHIETRKET—2DORELER
BEICL TS,

MapReduce [%, BHDTLU%#E->T, KET—2ZHEMN
[CHBNET - DEREFRELTNS,

ZLT, Web R—UGEDEELLSNZINSLET S HE
9 31-I-BigTable ARt Eh 1=,

Hiroshima Institute of Technology 24

12



12. [AFEMERERIHM
6. BigTable
BidTable Dt E4 R J 5FE

Bigtable: A Distributed Storage System for

Structured Data
Fay Chang, Jeffrey Dean, Sanjay Ghemawat, Wilson C. Hsieh, ANE 3 o N
Deborah A. Wallach, Mike Burrows, Tushar Chandra, Andrew . = E-I--c& P B (,\9, \4 I~)

Fikes, and Robert E. Grub -
Abstract DRXFHREDT—5
Bigtable 1 distributed st tem f i tructured Al
i hat s designed o seale 1o vers e sve petsbnen ot doia | 0 B ISR E10METD

across thousands of commodity servers. Many projects at Google S - I 5}

store data in Bigtable, including web indexing, Google Earth, and T atjg " am
Google Finance. These applications place very different demands on - AN —_
Bigtable, both in terms of data size (from URLs to web pages to Eéhf—ﬁ1 075 (=] a)-H-
satellite imagery) and latency requirements (from backend bulk Sp—- >
processing to real-time data serving). Despite these varied / \"J: U ’ %E-& t X
demands, Bigtable has successfully provided a flexible, high- — = — -
performance solution for all of these Google products. In this paper a)xb- 7t IJ T'ft =] E.r
we describe the simple data model provided by Bigtable, which 3

gives clients dynamic control over data layout and format, and we m ﬁ&ﬁ: Z FT%E L/-c
describe the design and implementation of Bigtable. ll \6

Appeared in: o

OSDI'06: Seventh Symposium on Operating System Design and
Implementation, Seattle, WA, November, 2006.
Download: PDF Version
(http:/labs.google.com/papers/bigtable.html)
Hiroshima Institute of Technology 25

12. R EFRER

6. BigTable

B Bigtableld, T—2DEIEN-HIC—BMETIL—aFILT—
AR—RFANBDTIIEL, 7EIKVS (Key-Value Store) %
WBOREEELE->TINS,

m KVS(E, 70553 5 BED/\vaT—T IV GEREERH]) LM
RIZ, F—(key) &{E (value) DR HIBEDT—RETILIZETL
?_awgaﬁﬁﬁf&éo

B L=AoT, KVS[EF—/\)2—BF—42 X7 (key-value
store) EFE(EN TUNVS,

B COEMN, EEXEEEHTNSYSIRFaAVEL—T40T
(cloud computing) DEBFMTEL T, TDOMAEHEILDD
Hd.

Hiroshima Institute of Technology 26
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12, WAL BRI
6. T—ER—ADFREEM

B T—AR—RADSEDEREEZRD LT, R7—ILF7Ik(scale
out) ERT— LT v (scale up) IZEB T3 ELIEEETHDE
EZ2bh3,

B F9 Ry—IILT7IrER, H—/\O¥EHOT LT, —/\#
EEDNITF—ILREM LSEEHIELETHD 1B DH—/\DR
(2100 A DA—HFLHMLETEEWNELTH, —/\ZF28I1THP
LTAREIHINIE200 A D1—FIZHIETEHLELNSDOMR
T—ILTIDEBEKRTHECATHD,

B —ERICE, JVY—RDEICHEAILTEEDRIIL—F YR hiF E
FTBEVRTFLIZAR—FT )L (scalable) G RTF LE=IZRr—
EVF4DHZHVARATLERIENS,

Hiroshima Institute of Technology 27

6. T—ER—ZADFRKEIF

B R—IT7IMIGE, EROY—NEEBLTEESE S
LT3, ATFUOAPEERERICH Y —ERETELIC
BLEIEIDENGLRALFIRTHS.

B LHOL, Y—\DOEHMNIBAL-OICEEOFMMN’EKL, VI
FITT7 DAV AHELREICHEIENRATH S,

Hiroshima Institute of Technology 28
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12, WAL BRI
6. T—ER—ADFREEM

B —h, R5—=IT7v7&, BREOY—/\EHEER{ELT/\T+—
IVARERALESEZETHS,

B CPUDHAEN LG EEZERLTY—/\DEEHZ LT, SYBARIC
MABNDLIIHIETHLETHD,

n ;zg)l«?‘/j’l:l:&, KU ALFLONY—NIZZH]TEILES

B R—)L7YILI=GE, 180 —/I\TH—ERZR#T -0
2, EBETERTAIIYYINIZ 7SIV RADHENRRL, 1§
ENEMTEELYT VAN ATHS.

B LAL, TOREEHESEATHEN-ORT—IL7YTHIZIE
Wol=AY—nZ2EILTILENRSDY, EENEKELI-ESDE
E0EFRII NI EARRATHS,

Hiroshima Institute of Technology 29

6. T—ER—ZADFRKEIF

B CD&ESIC, RT—ILTF IR =LV TIZIE—R—ENHS
=8, FOT—RI&->THEYGHFEEBIRTHIEMNEELL,

B 2EAE, HEORHNEZTHY F-EBLTLHBEORSEY
WT—A2%#/SBEICIE, RT—ILT7IoRSELTEY, F5TLHIT
hiE, R5—L7yTHRBEL TS ENR S,

B Ry—)L7IMIEBLTHBE, T—IR—ZAEMDILURA
RATKBELSTHS. T, EHOIVE1—2%HEALISR
A—(RESIDE)DEFSITVEFEFYELEV AT LTHSOY
Ea1—%952% (computer cluster) REF{LI-DH1983F T
H%o

Hiroshima Institute of Technology 30
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12, WAL BRI
6. T—ER—ADFREEM

B VSRAFNDEHRDOIAVEL—42IE, RYPT—IF N LTHEAIC
gEHSh, 1203V Ea1—4 AT LELTIRAD LS ICHIHESH
T3,

B OVEa1—39FR3E, KEFAULGEDEEERNTE
(HPTC : high performance technical computing) [Z# &
hi-,

B ZLT, EMEOPCEIF|ICHWTHPTCEZRELLIETHD
HMPCYUSR%E(PC cluster) THY, KEDPHRFITRAICIRAS
hi-,

B CDKIGEPCUSREIDBEZFIFSHICRREL, RyhT—VITH
9 BPCEETERICTEGLAEWNSIRBIZ DL > TIToT =,

Hiroshima Institute of Technology 31

6. T—ER—ZADFRKEIF

B ZLT, COPCOFRAE, HAPDFEARPCEFERALLIET S
J)yRavEa—7+1>% (grid computing) (1L T=,

B JYyRaAVEa—T4 T IZEIHIO 1212, BRIV R & d ik
#BETSSETI(=F) TOPzIFSETI@homehidH b,

B COTADIIME, FEIORETIBEHREERLERETS
EL, FOWKET—4E58ILTIAC /M ML T 51
SR OPCICEELTHRTKELZT 21D THS.

m— =

| . E
[k
L Hel

jeads your Help
5 =t e, e 1 s 120

Hiroshima Institute of Technology 32
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12, WAL BRI
6. T—ER—ADFREEM

B COLSHEHAETVYRE, ORTTF—20EBOT)yR{EENS
T—4%41)yE (data grid) ~&EIELT=,

B COT—2JYYFIE, SMSBFOSIIVAIIURSHEESL
DRAZRTOFA~NDHFELABEEOTLS,

B R, V59 FaYEa—T12% (cloud computing) &ELVS AR
NRITT B &I oT=,

B VSOREEXFRBY B DETHD, V59FRaVEr—T1Y
Jgelk, Ry —OLICHEET Y —/\DRETEH—ER%E
FNoDY—/N\BEBEBTHIELLICRRATES LSOV
Eaia—T1 AR TRETHD.

Hiroshima Institute of Technology 33

6. T—ER—ZADFRKEIF

B RV T—OZBRTRTEDICERDBEFESENB LN ENDE
RREEDODNTLNS, EQOHD/N—FI7POYINIZITDE
EZERICLEVLWTRRATAIEAHERELNSOA, ¥50FaY
Ea—T42T D )y THD,

B CD&ESIC, T—IR—R([ZEAETHHRRAGHEHMNREINER
EEHITHEIELTNS,

B 5#ét, “HDABFEOENICONT, BYLHHETL, T8I0
EEREETAOIC/RIDT—AATHAER %, EEMEEZE-
THENICT7 VR TESEMAZTMAITER L TULLZT—
AR—ZBMEDE AL NDEITEDEAD,

Hiroshima Institute of Technology 34

17



12, A EFREM

AREAE

B XMLT—4R—X

B OLAP (online analytical processing)
B XN7RTA—Tx

B IO HMERT—ER—X
mLT)r—3y

B Google File System

B BigTable

B T—3R—XDOFEEM
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