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2.1 F—aAX—XAF I

Fe N AV AT AL, F—FN=RIH LT, SQLEOT— 7HAFHEBIZL D,
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FA T ROLDODIATLATH D,

RIEDT— R AL ATFADELZ, V=Y aFVETLNIIESTVTWES, FIFE
MEF—FN=AVATFAPED L HILAZLDERLIZDDFT -5 EFTLTHL, H
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HEBOEHRERT7— 7V Emp 12, EFHOFHF (eno), H4FT (ename), #2H (sal),
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2.1.2 SQL

SQL(structured qury language) [SQL] 2. E—EimBICE T IETFTH SN L BAHE
S ThY, EBEESHETHL, SQLIZ, AF—vOEXR. HELZITH 77— ¥y Eaxi¥

L. T T ANDOITOBRIEZIT) 7 & BArRRE T £

A, F—Y¥EE

create YW LD EFXTE2 5, Biteno., sal, dno®7F— Z BT #E nt) TH 1 .

ename (I LFEF) (char) Th b, T2, enoild, TEEZENAL WV,

create table Emp
{eno int NOT NULL, /* /&M eno @7 — ¥ BNIEH T, E A

ename char(36), sal int, dno int )

~E NV



¥/, F—T7 NV Emp OEFHEFHRLZIEEF, LTOIIICLTITZR 5,

drop table Emp

B. 7— %4k
RIZ, F— 7 Emp & Dept 12894 SQLIZ L 27— 2 8{r (MELEH) Ofl%FH
HY 5,

(1) DDD ZHE D 7% AT, BED200LL 0B & FOHEB KD L,

select ename, sal from Emp, Dept

where dname = "DDD" and Dept.dno=Emp.dno and sal >= 200

Dept.dno }t, dno #5757 — 7 Dept DBMUTH L Z L amd. 72, SQL TEDT
DIHbFET S, in OHEMWMITE select... LWV I RBERIErNTVD, TDLH %
HBEAEANFERE VI 20 in BEEOHFABRAERL, dno ML TS,

select ename, sal from Emp
where sal >= 200 and

dno in (select dno from Dept where dname = "DDD")

(2) DDD B D% T, HBEH2000L EoFE L F0OMHE e, BEOAIFIZRD X,

select ename, sal frem Emp
where  sal >= 200 and
dno in (select dno from Dept where dname ="DDD")

order by sal




(3) DTk ERD L,

select dno, avg(sal) from Emp

group by dno

(4) DDD#EO#EE 1.5/ 7 5,

update Emp set sal=sal* 1.5

where dno in  ( select dno from Dept where dname ="DDD")

(5) DDD# B %HET 5,

delete from Emp

where dno in ( slelect dno from Dept where dname ="DDD");

(6) 47 <11, K, 210, 1> 25— 7V Emp {2383 5,

insert into Emp ( eno, ename, sal, dno)

values (11, K, 210, 1)

(7) DDDEEHE LT, K#BINT 2,

insert into Emp ( eno, ename, sal, dno)

select 11, "k", 210, dno from Dept

where dname = "DDD"

RBEDXHIZ, SQLZHWA L, FFREMICT— Y EHRL 7T 7 HRIELTX 5,
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create view ED { name, dname)

as select ename, dname from Emp, Dept
where Emp.dno = Dept.dno

#FiEE [DDD HOMBEF KD L] 1. ED FAVWTCRO LI IIET B,

select name from ED where dname ="DDD"

ZIZC, MHEEE, Emp & Dept DS FITHLEIN LV, T—FN—AL A7 4L,

ZHSQLY L. MEOEHLEMCT, UFOSQL AR L., %177 5.

select ename from Emp, Dept

- where Emp.dno = Dept.dno and dname = "DDD"
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E—NA T —FN—AL AT LTI, LTOREL*ELL,

(1) ML X223 mgR 7 8 2 OWEOY — SHTHET 5,
2) Co&E&, —FRH Y- NEEEL. FIFT 5,

ZIC, TR AV AFLADF— Y ORMEF 7V 27 P EBRI 0T A, F
TV MR, V=2 aF T IN—ZA L AT AT, T, 7. TTHOEMSM
Thb, MEkFTTxo VeT AL, F—dN—AVAFLADORETOMBEE L5, $77.
AT PR T = I BT = R A= NG Enb LT b, 22T, 547
Vs bol HEDT - N, L, saNIEEIATWALEE, B — s llREER
TWVWALD% oD L 7Y 7 (replicao £ T 5, 7V 7 bod LT IDESE,
Ho)= {0y, .,om} & T L, LTNHIE, B0 NIUEShTWZELTSH, AW
K= DEERSRIER G 2V, M3 1, 7= 7 VADFZDOF — 78 sye8 TR
HIELTWABEEZRT .

(B3] FL 7TV H ok aB—OETHLEE, LTYUBE, WIZETFIG
(consistent) TH AL, F-E—FLTnwirbwny,




S1 52

A A
T
A
\,\__’/
3.1 LFUH

Fri, ok o F—FHLTwhwE A, ok 0 l3F/E (inconsistent) L TWAH &g,

%vivﬁmm\&@ﬂx%—vaVWK#ET%%%%{%~N4wv70ﬁt¢
Bo T=NANLTYHald, AF—TarOBEIZELR WV, 2y P -7 HOME
AET L, T, VT H o= e oMo — N IBEITALZ S, o OWE
FEAET Bo SEDEIIE. LI (ATV 27 ) Oy FT— 2 ATOME (7 F
LA) BT BODE, E=-NAMLTYN (A TV=s b)) EF b, 2 LT
V2 POBBIERIPIZONWTERZ D, FAT7 V27 ML, 5 -YAZRMTE D
DThHb, BRI, Vb= a P VETNEEZTVL I ErL, 7V 27 MIZH
+5SQLERML TV, #7022 FOBBICE LGV, ¥ IL T et T2y




POBETAAT—a vlDAy b= PETHI LD, 2547 FER
7=V 3 YEOEEERE, EEREEIENT S, ATV 2y FARMRT A NDRE
., - Y AOME (QoS: Quality of Service) & T 5, &7V b AD, K3.2IRT
L, Ay bT—Z N2 MIZEEHLALETE, 22 b7—2 Mit IMbps TH b,
N (2 64Kbps DRt #EELrH D LT 5L, MENI H BIRERESFRVET L E, FIH
BT AT —EAREFE L TOEEREPN L LI &b, 2L, FIHED
LHT, A7V 27 POBBHIZEL RV, F—EVARE (QoS) T2 EXFEREL
=R

BEPL, 7927 VOBEIZUFOLSIZERT S,

3.2 L 7)) HOER

|:a-‘-»

EFE] ATV POF - ARE QoS) A b LAE &, ATV 2y IRV E
T ho

TIFGATMIL ATV o DBHAELVT ) A EFHELTWLAEYT L, LA
0ild T — I N2 —NaRIlD D, FIAT OB TG LT S ERET S
=N s DBV, 2547V 2 W o b5ZEY — EXDRE (QoS) HELT 5,
ZIT. VR EgT 5,



| QoS(c,o)= 7 TA Ty red, A 727 2OV 7)) hodhbibstr—EARE
(QoS) ¢

BlAE, = EARHEDBELT, 2747 beckL 7)) H o HOLTOLDNH S,
(1) fmkadfE,
(2) TG ReRE
(3) BREEERFH,
(1) MESHE GEERDE).
IHOOHRT, MEH—YAGHEELTHWENE, 75477 bOERIZL YT S,
—H PFAT PR ATV ol LT, AT —EYAFEEZERLTWS, 2
NELTFOE ) Iz8#,

ReQc, o) = #FA4A T beds, 752 Foll#f LTERLTVEY— VY A RE,

CIT, &%, 20 —VEVAGBEETH, @I nd, F—EAREEN
LE, @ qELILIZT 5,

24T b, ATV o MHTALIERFRADL, T 727 b o DD
LT ADWEF Y T ACTFELTWS, o T, 7747 beld, V7Y IE
) = {o1, .., o DHPL, HELTV A0 BERLT, o 2flHlTH, ZDL &,
r() ANV T ADHET, NFOENEWET 5D HIRT 5,

[L 7 AFH4E] ReQlc, 0) £ QoS(e, oi)o
BB, 547 bedF7Vzs b ol LTERL TV 4~ EARE ReQEe, 0) %
BELTWEL TS ok r(o) 26RO BLEND D,

23A4AT ek, VAU AIFHERLZBRELTWAE LT ) HDOHT, BEAOY—E X
GBEERBEELTWAL T AERS. FIHT A,




3.2 fR%RFE

PSAT Y behi, ATVl koL TY HEE 1) = {on, ..., ou} ODFH LRI L
DL 7N HoarkdsFEE LLTFIZRT,

[V 7)) % OfEFNE]
(1) 73472 b3 V7V HES QO NOEL T 012, F— ¥ ASE QoS(c,0)
rEWwght s,
(2) BEv7) A oid, AFDY—EYAME QoSe, o) &, #7747 ¥ b clHliAT 5,
(3) 2947 beid, rlo) T, HAKEHLZHEZTLTIAIOHRT, RO —-F
AmBeRRty s L7 Aok d (BB, Qosle, o) = ReQe, o) 22, {EED
L7 o 23 LT, QoS(e, o) 2 QoS(e, o))

PEQDFIRTHRES RV T Aol LT MEBERET I 77147 ¥ F e
A7727 boDETOLTI)HIInEGbEiT) I LA, EERAEOT - EARE
DEPLBELVEBEYFSH L, COHEIZ, LTOLIa— AT A7 AZHVE,

(1) 29477 beckll—DLAAIZL T ) ARHDLNEHL, Hl—DLrNIZLT
VAaFHNE, THOHICHWELEEZT), CORTROEWT-—EAREZIRML.
oL T ARAFHEEZHRELTWAE LTI I o ZERE,

(2) (DTLFIHERBRTE LD 72581003, 27472 c ORBEOEVHD L
T HIZDNT, BnEbeiiTd,

(3) (DTH., LTI ARBINTELRWEEINE, A7 V27 oL 7)) Alllneg
bEET I,




3.3 L7 AEEFIRA

7547 beid, ATV oD LTS B EOFMRICL DFEIRL, FIAL
TWwhbETE, 77A4AT heFhld7T—F =24 —"OBHIZ V7)o ®
H—NBE QoS(e, o) bEALT S, 2747 bheid, LU o xFHLTWABREIC,
0 DY - ¥ 2 RZIZOWTLTAHRI nigEa

[L 7)) A E 4]
(1) LTS o @F— ERRE QoS(e, 0) PEF LT, FHEGHZWHELZ b, H
%, Qoslc, o) < ReQ(c, 0)q
2) L7V H o0 F—EARELD OFH Y - CARBEERBT AL TV I 0B 5o
Bl%, QoS(e, 0) < QoS(c, o).

DDLU A EREMIFBRINEEEICR, 7747 beld, FIATAHLTY
Fohb, ollBET S, VFYNERLRMHFWE, 27747 > Fedt, BEAMPLTY
AHLTN)H DY —EARE QoSe, o) EERFT—EZANHE ReQlc, o) FHETAHI &I
LORRENDB, —F. LT HEEEGFQNE, UTFOFECL IR LN TE 5,

(1) 7947 beld, FEIMNIZ, 772272 oD LTI HERrOIC, ¥—EX
MBI 2V TOMWELEZITI.

(2) rE)HDEL T H onid, FHWIZ, BFOH— Y AmE QoSlco) * 7 717 ~
b clTEAET A,

(3) L7 HES() I, —2DTAY—L T ) ok Fo, YAY— L 7)Ao 5,
rO DL T HDF - AFEEZEZ I LTWb, 74T ik, o i E
b2 LICED, r)ADLT) ADOF - ARERENS,

DEOFEEIZIVEONY—EAREIZED, QoS o) < QoS(c, o) %A L7 #
0j %EOH'E’G




[L 7Y A EEFH]
(1) 29477 beid, V7Y T a2 FIHLTVEETE, LTI o DEBELEMED
WEINBET B,
(2) 7947 beld, #7V27 oL P HOF—EAREHEREERFLT,
TVH bbb LT h o ERT L, B2 hiE, 7747 Fcld, o
RFIAT B,



48 Y73 EEBAKX

BEHOT—NA N T2 b2 BHET L7 o F 22 ayOBFBFRIIOWTEZLS,

4.1 BIE

BN NT—IR=RAVATLT, T—F 2 EQL)IBWTHNIIDOVWTER S,
E—NANT—FR—A T AT LTI, EL—FHPRFoBPUAT — ¥ 3 VIREROME
BEGILDITDLBFEEONy TUEH TR, 2OHIC, BT 3 XTI,
F—NEDBEELRLIRfALEVEIIITELENSD L, BRUAT - aHOY T
A7 iE, ¥—NEOFEEIA 73 YERYMLTL, =S HOT - 2R L7
Ho7uzZs sx@fi s th b LEDFH S,

[F#] 7947 eH =Dty v ayPPRHIhTwT, 7747 7 FOIEH
PoFBITENLEES . WWHEE (disconnected operation) & 25,

w

s

b - N/ RV I

a3 a AEL

4.1 HIETEH




F=—NANT = N—RA VAT LTE, YMEEY, 227 aryBmOishTtnty
BES L EBVEL L DL,
UrEETEES A HHEL LT, ATOF ¥ v 2 ¥ ¥ (casing) FENDH 5,

[(FrvvZ] UKEES op PiIRET A —NHNOF—F %, #5347 Mza¥—+
5.

PIAT M, COLEIFR v v YT ENLT- S RBETAIEIZLY, IR
avOURi A ERE I Ty 2 fIATCE S, H4.2TIE, 7547 F COEHATT
TIAADN, Y= 8ADT— TNV Emp 2FJHL TWELEERL TS, 27947
v ECEH—NSHEOMEIF T LI PO TEET S, TDEE, - NSHD
F—7WEmp 22 547 F CIlE%RT Do 23223 5 VM SNTY, IcH70 Y
TALAT, 2947V NCRIZEESNZF— T NVEmpZ|IETE L, 2%,
X7 ThHAH,

B4.2 Frvu i 2




BEDX w0y, F—F %0547 NI $TAIEIIEND, 2547
MI, O=F NV F—FZHETEL, UL, T PEHINDEEITE, -1
DF—%E, 75347 F vy 73N — 7 BTO—EHM (consistency) % &
DIEPRLEREL D,

X=Xi= X X3

4.3 L7V HEO—EE

[(F¥ vy 7OMES] Y= HNOF—F L, Fy v v FENLT—-FRO—EHD
REETTHOLENS A,

TITC, IFAT Y MRy L SENLFT - R, =D TS DL T A
(replica) LRI &5, H—NSADT—F x ZHWEDI/ 74T FCy .., Cn (m
= DFFET L, E7 74T CHOxOLV T A s b Th, 7—Fx kL7
Hx, oy X BO—BHEEZEDOX RO EBE L L, LT ABEO—EEEROA
FEELT, IRFITIE, WL 220 HEFRESATE TN,

(1) &hhe
(2) ZHHTRN




AR TIE, RER, 2947 P GOLTY I il LT b, L L,
EHRTSTOL T H%kuy 2 LThb, &L 7UIOFEHET ).

T=WNANWTFT—FNR—ALATATE, F7 74T CGOIR7 v ayidEn
TWVELDIL, MDA Ty e —H DL T ) HEQ w2 TER, T/, =N
HOF—%x&0y 2 LTHE, 2372 arvi@iidasl, 237 a3 »2"BEIL
LET, EDQF 47 78 x2FHTELRLS 25, - T, UTO&GEFHE
SNBGEEELDL,

RZE] D2 47 2 bd, $—NHADE—~TF— Y2 HHFLT L BHTH L,

LAEDARGED R D /28 WIBEIZIE, RO LT AOERAREITILE S L, LA
FOREDFRE Y Lo & T, LTORBNEFEY# 2 5,

(BRI ]

(1) 2747 FCT, 22733 PRI NTVWAREICE., L7 A OF
FET,

(2) 247 arrBEINCEE, T NSHDTFT— ¥xBEDTFTAT 2 MIC
LoTHEHINTVLRWHEICIE, - "SHOx BT 5,

(3) = 38k, xHHEFEINALELE, T2V a VHHESINNTWEZSAT /b
CillxDEFHTEMT 5, T2, CFxOEBHFRR L — A"SIZMVnS bt
%o

4.2 SV 3 DESE

E—NANTF—FR—ALAFLATOMRBOBANZ F5 %2 3 » (transaction) &

W, TITE, PEHE I rEINIEonTEL L, FIAEN, HoF—4
NR—AH#—s3DBS,, ..., DBS.NDF— 8 2 3MFd2MEBE*EZ L, 22T, £DBS A




DF—FRXR—ADB %A T2 VOESETLH, A7V 27 bMER. 4 DBS OIAY
RIREBMNTHE, VL —2at A F—FN—RALAF LTI, 77— 7. Wik, 745F
T2 NTHDL, @A 7TV beTEHE EH—itk et s, 5L 7

Va7 FOBEANERE (granurality) &V,

4.2.1 F—EN—-Z2DEE

HRENTOr 5L, 2 547> FCERSND, 707 T LHOT— 5 RIEREN
FFENRDE, 7T T2 MIF— ¥ N—2AF =7 — ¥ BIEEE (SQL) 2 %#ET 5,
IZTik, DBSOEEAMRILLTEZ S, DBSHODF 7Y 22 b xilxf ¥4 &K
BIEL LTI, RTOHEEBYDH 5,

[FE AR E ]
(D) nx] #7V22 b xOEDGEALET (read) EH,
(2) wilx] 7Pz b xIZiEEEI AL (write) HE,

ri[x] i x {243 2 SQL O select ILITHTIE L, wilx] {3 update. insert, delete 3CIZ
T He 7747 ML ThOOBEREZ 77— ¥ N—AF =N LTERET 4,

4.2.2 bZH¥T 3
KISVSEITADPLBIIEET A L2 EZA[R4.4], #EfTIHEGIZE, AnDd
e BOOWEZRT o047V 27 FOBRFETILENDL, MIOEHZTL <
FRIEEDAR, BRENHEZTTE S, WIOhP —HOEHET R AV E &ITE, #E
FITA Ve 2OL) BMBOBREEROETRIE P77 L3y bv), bk
ABEBEEIZMAT, b H 7 arORTETHIALDOEBEEL LTUTOL DS
B

(1) elcommit) FF U HFZ L a xR IEERT(IIy M) SEBHETH S,
(2) a(abort) FI UYL L a A BAFERT(THE- ) EELEHHAETH S,




THR=PFald, CRFTIEFTINALHBEETIHNETLHEATH L, T LT,
DIy beld, CRETIENTSINEREETIHAHETH 5,

Bl i, ADOEOEHHIZ. BOOEOEH LTI I edbholb &, 7
Feba®EFTAHILILD, AOOEOEH LB L TEL, —%, AL B OO
DEFHEITAIEEIZ, I3 v A bekfiHE, T R—ANOALBDOOED
ATV VHREEEIN, BT T4, c&ald, BDOBD SQL D commit_work &
abort_work X OETE R T,

+x

4.4 b3

DEaFEkodardt, b rvF2 a3 rTkid, HOF— 9y N— A —HADOF T
Yxs MettF 5—ol EOEREEOANOETNETH S, AL, LTFOREAFR
TALDTHA,

[F5 2 varniE (ACID)]

(1) BTV (atomicity) | T AOERIFEEXETSIE D, & 3R vhDnTh
PThhb,

(2) B (consistency) | T ZBEMTET /AL EIL, 7= IR—2DA 7 7))
7 4 Hl# E RO, |

(3} M4k (isolation) | T OHRHERLMO MV HF 7 v a vidRNLw,

(4) WAM (durability) © T HIEEKRT L2, BHERIT—FN—2Ah LML L




(Bl] bS5 v ¥ orvarvofd¥ib, 3DOF—F N A% —/NDBS,, DBS:,
DBS:H 5 &1 5, %5 DBSE. ZFEADKHH (name) & FDANDOAEDIKRSE
(account) # /R ¥ 7 — 7 J Bank(name,account) * 2, Z I T, &AM A AT,
DBS: & DBS: HOHGOOEES L, BOBOxME y[HEBIZHBLT, 206858 =
x +y) ZDBSs WD B RROMKEIIRD AL L T4, Thid, SQLICEBLUTOL I
EFlT 5, LLFT. DBSiBank i, DBS:® 7 — 7 Bank 27”7,

select account into t1 from DBS1.Bank
where name = "A";
if tl.account - x < 0, then abort_work; (1)
update DBS1.Bank set.account = account - x
where name = "A";
select account into t2 from DBS2.Bank
where name = "A";
if t2.account - y < 0, then abort_work; (2)
update DBS2.Bank set account = account -y
where name = "A";
update DBS3.Bank set account = account +x +y
where name = "B";

commit_work; 3

2T, abort work I F T v H 7 L a7 R (AERT)EFTHELHEETH
D, SNITOEHKBRAEET A, F2E, TOFTHIE, (2) T, DBS:® Bank
W L7271, DBS: @ Bank WBREAROLDIIEH TEX L r-75412. DBSIOE
HrMshs LTvb, commit work i3 b F 23033y b (EEETYERT,
EERTTAERYNET T4, 2OTRTTLEr A7 CTEITSN, 7—F
N—ART BEESF T~ N— A= NEFENDL, TIT, TN AN




REESNAFEORWN LIS v F o a3 TThh, EERTLEBEO NS v

YaryTxllFIERT,
T: nfall; wilal]; rz[a2]; wz[a2]; rs[b]; walb]; ¢;

(I 4]

TIT, alk a2ii, BOBDDBS: EDBS:HDAIZDWTHA T2+ (47)
%7 T. $72, bEDBSsADOBIIOWTOF 7TV 2y MERT, TXTOBREHEES
FLLAFABEEIZAAT, TIRERKTT A, L. FhrO@EETETTELWEE
. S E IR SN AW A E % By S AATTHT D B

DBS, DBS: DBS:

4.5 bSZHI3

[ AKE]

THIEERH T LAL EZiE, DBS:. DBS:, DBS: ®Bank HOEIREH s D, =
CTC, 7= N—AY— PRI L-BICER L T5, 20L&, Bank AD
account DEEFEHF S NBETH T NIEL L, TOELXLEETL20121E, BHAIT
VIZHDII YW L arEEGTALESFS D, TAITHAKTH 5.




(a7 4]

52, DBSi & DBS: DA 7Y 27 bOBEHFET, BOEHLAT IR, D b
SyWr L a B AOOELRETLI LN TELWI &, MYMTHS, BIL,
SyHsvavObBERY, o T s L a v ERREWI ETH S,

[—&H#]
TH#EMTETLIES, AOORBOEZBIEEBLTVWLEDT, F—FN—AHDFE
EOEFHIEDLL R, BB A4 Y5 7)) 7 4GP R Tw5, Thdy, —EBTH 5,

BIbo ¥y a ]

FSUHr L avy T, 2547 FCTETSNL, THOZFERIZ, ChbH—
7SDBSi, DBS:, DBSs &, EH—NRTEITENE, FDBS TEITSNAET
DFEBEORVNER M 7 2 a v Tk T4, FlAE, X5 19T, TOREI+Z V72

3 v Ti=nmal]; wial]. T:=r:[a2]; wz[a2]. Ts = r3(b]; ws[b] T 5,

[FakREFF 7 a ]

7I5A4T Y ITCOTOTILOETIKBITOLATHE, PIF Y sayidFok
ADRE»SII v P FAFTR-P @ ETh, cEFadlETINTHLLADC
¥l aT TR arThb, A6 UL AR RT, 22T, EHop ...
opr WEFTIN, 2I v FLTWVE, STTChIUH 2L alPRHTL, RO VH 7
Savopm .. opWEFTENED, TE— T4, opw . op DETIERE B,
WBICP T ¥ 757 opem oopi e PEFTSINSL, T X9, —#IS, FukAL
— P LD NS vFES L a v hLEREN S,

FFUHS gy FZ 7 a s FT Y a s
~ A — ™~ —— TN A‘ N
— ®@o|® — ®o|®-®0
. S/

Y ‘
ot A

®4.6 7AOEREMTH T3

—32—




4.3 EfTRRE

m(Z2DEOFF 2 a3y T, Tad.on(= DEOF—F N— A% —/YDBS, ..,

DBSnW@j‘7#T;’:-I-7 f‘%iﬁ’%’f’?“ﬂ“%fﬁ%%ﬂ:Ob"{%iéo :\:’C‘\ Opij[X] ii\ Ti@fﬁ%
T, DBSHWOA 7V 22 b xilT s T332,

4.3.1 BEE
#DBS I, HED LT F 2 v a P LDEEY 0T OEFICENT S, JOME
EFTOEES. DBS O T — ) VIR (local history)ly & 5%, T —# VB L,...La O

#EEE, T, . TaDEBEFELET S,

(H1] DBS: 3F 7V 227 bx bk yailh, DBS: 2z 2245 [B4.7], KO DD
P W a Tl ET24°DBS1 & DBS2 2L TEfFEINL ET 5,

T ru[X]; W]z[Z]; I‘n[y]; C

Ta: 1‘22[2]; Wzl[x],' Izl[y]; C

DBS: & DBS: 12334 17— B VEERE Iy & L. D F LTI,

Li: rulx]; wai[x]; ruly]; ra[y];

Le: re2[z]; wie[z);

Ihbid, DBSiEDBS: T, TWe T4 ) —-THEFLIE-BETH D,




Tiirafx] wifz] ; ruly] T2 rofz]; walx] raly]

Loiree[z]; welz]l o — L EE

DBS, DBS:

4.7 O—hIERE
BHOFS o2 2avT, ., Ta DBEELOBWEIZOWTERZL, HEOT— % ~X—

AVAFAHDE T —FXR—AF—DOF—F X~ ZADRENELWEE, 8 FT—%

N—ZRELwE T 5,
4.3.2 1EULWERE

ELWwi7F— ¥ _— 23 LT, BEL 2 ET 388 F, FLWGF— 7 ~—
2% L7036, BELIBIELWET A,




4.4 JhirtE

PSS a v RmRETAI LSS, P S T OETHIZ, T
write T o R P MO PS5 oWy a3 VP RAILIITE W, UMz onWTEZ
5o

4.4.1 Fid LRAMR

2T, xEFTFT=FINR—AG—=NDBSHADA Ty FET B, T nlx]. wilx].
a, GEfA NI YT arTiOxIZ3T % read, write, abort, commit #HE &
T3, |

[FS ¥y v 3 rBoOFAE LEE]
L7273 ar T, TanDEELTE, x3DBSSADA TV 27 M ed5, T
BTbr 7Yz bxiEb e, WTOEF*HLETEILTHSH([M4.8],
(1) DBS: T, wilx] 2¥m[x] 125677 L TEITS TV 5,
(2) olx] DHICTF— b ac ZEFT ST,
(3) walx] L VBT rlx] & 0 ETIC wax] REITENR TV B A, jx] DFETHHIZ T i
THR—-FLTWE,
HiL, T FEWx DEY. TIPFATVAEE, TTET L x 2Rt & v,

@ write @
d
° rea

4.8 ZA&KL LA

4.4.2 {E|H0]BEREHE
FRIBEELOBEIIODWTEL S, BELAT, hF 723y TehbAT
T hxFHATHWAEEFELZL, TIT, WFII v LTS, Blb, aa® L

WEATWHETAH, COLE, Wl AT EDFKIIII vy FLTWAE A, LIZEIATEE



(recoverable) X\, 25 ThWVWE &, L ZEIEFRTETHD EVT,
DFos-soasizont, #HlERT,

L owklx] oo.omfx] g ...
La: . owx[x] ... %] ... ¢ ... ak ...
La: . owix[x] ...ri[x] ...cx ... ...

LiTid, F2oH22arTiid, BV EEZ, 093y FRIIEATHWADT,
BT BETS 5 [04.9(1)]o TRIH LT, Lok LaTid, Tid, TudiT 3y b
LSRN Ta PNV HEHAT VS, LeTid, T2 I v FLAZEIE, W BT FHE—FL
TWwd, TETTRIIV L TWEDT, THR=-FTERV, #RE LT, TRHER
LEWEERAZZLIZZ>TLE), o T, ZOLIHBETIE, FFo¥ria
DT FE—-MIH LT, FBIHZTA %3, EHAEL W) [24.902) 1,

T Tj Th Tj
wlx]- 5
\_r[x]
————————————————————— ...c
Qe e e
N A4 V N/
(1) fHIBTTgE - (2) BIBATT AR

4.9 {EIEVJHE
(A7 K — F]
L 2 IHOJRETH A, THid T OEBWIHEEFHRA TV A, LT T, Tu 57 F—

FE2E, Tid 7R BLENDE, =2 I ¥ s a3 OF7FE—FIZED,



DS v a3y TR b TAIEFEBENTERE— LWV,

A% 7R — hEFR I S hWER]
BRELT, P rF 2 arTiddMidbxdmbbdbd, TOEE, Txd nlx] Fi
23y PLTWAEE, LIZH#EHMN% 7R~ b (cascading abort) ¥FZ S i v,
LTI O>WTER A,

La owx] .oox] oae ..o

Lo: owix] ... e ...omifx] g

JBFE Le TiE, nlx] OB TS 7R — P L2261, Te b 7 P LR HIER D %
Vi, Lt o, IR TR F2RITEETSH L, Lsid, EFHL7F— il
IE%V, T, Ll HHUETH S,

Tk T, Tk T

wx]-
w(x]

rfx] c
N :
_________________ . C
A4 V YV A\
(1) EEEE T 5 — b (2) JEESHE 7 K — b
(44,10 EHAI TR — b
Bkt E]

SCFT, MUY EITOwWE r OFEEEZ CEXS, kD, P UH S
a v TOwHEOBOMEITDWTEL D,




[ 20 TR RE ]

opilxl . P ¥ a v O nx] Lk wix] L T4, wix] A% opi[x] 12T L. T
Doplx] DRI T (23 v PEARTF— ) THLE 51K, BE LI (strict) T
Hohlwvi,

LITDplTE 2 5[4, 11],

Le: .owilx] ..o wafx] ..ok oomi[x] Gl

Lr o wilx] o ok oo Wilx] oo (] o € e

Leid, Ty 3 -)Mtéﬁin:x%%wfwéw'& BAE BB TII v, Lo W RieE 4
BRETHAD, T/, Lo idHSiHN7HE - b 2REIZIZWVWIE DA,

T T

X4.11 BAEERE

LLEAG, BRI 7 F— 2RI 39, B 7R - P oRI S WEE
BRWEBIIEHITETH L I Edbirbd, LarL, O, KO I bv, BiE%E
FILEG T R - P ERISVERI D OHEMRL . EENTR-PERIS Y
BREGEIOTELZEREL D DHHEEE LA, P 2H 2 D a YOWTEERS L, Fit
MR T AOUBEFETLTLE ).




4.5 S5 EE

opi[x] ¥ F I > H Y L ar T T, DBSHOA 7V 7 Mx I3 AEE L T A,
op |3 r(read) F 7213 w(write) TH b, x (245 5 opu[x] & opu[x] *E 2 5,

REEE] Zo0WBEOFEMERIC L D HEERI\R 2L & &, opilx] & opulx] XFEE
ThHEWVI,

Bl 28, mlx] OKIZ walx] ZEITLAEA L. wolx] ORI n[x] £ ETLHETE,
XDERFLTY, wixl TAHEAFRL, Lo T, nlxl & welx] BBAT 5, BRI,
wix] & wilx] ST A, METAEBOETINFL., K —N"TED L) RIEF LT
AN EELINEL RS,

K4.12 bF2¥T7i 3

[ L]
KT =5 R=AF =T, HRO T 27 Y 2 b OHE R EBONF THITT 5
Ly T R ARELLBWREBLT A7 L, $F, HITER B,

[Bl] 207 —%~N—AH—3DBS: L DBS: %, BOBOF T2 rakb D
EF b AT TAHIBMELT, "a = b"EVHIEBEIFHL LTS, Tilidalkb
OB 1A, Teidab bz 25135 0% 2 arkds, Thd T %L
TR [E4.13]

T rufal; /* a =a+1 */ wulal; rizb]; /* b =b+1 */ w[b]; ¢;

Tz rufal; /* a =a*2 */ wafal; rzz[b]; /* b =b*2 */ wa[b]; c;




Hopil, TiE T, BOBOBEMTEITLAEGICE, a=sbThb, LA L,
DBS: L DBS: DO —HVEERE L & L[[H4.13]%ZF 25 &, a+bikd, Thid, T
T OHRFREREZRD I EICL Y BELDTIHVHIAL L (dirty read) ¥V, 2T,
Lt L LR ABELIIE, LA,

Ti:rula]; wii[a]; riz[b] ; wiz[b] Tz rafa];wala];Tz[b]; welb]

Li:ru[a];wula);r[a]; wala] Li2:raz[b]; we[b]; rz[b] ; wiz{b]

] B

DBS: | DBS:

X4.13 BuvvieH L

[#3 2 ST ]

1] ki, R4 13ZR T 22004 7 ¥ 27 FadbllTHUTO2D M7 V42
Sav T ETe%EZLD,




T wula]; ™ a=20* wuefb]; /*b=20*c;

Tz waulal; /™ a=30* walbl; /*b=30*c;

IO —HNVEROE L L L 4. 14107 T, COERE, a+bbhoTLEN, 2

2T, BET D write HEDOETMFEHIBETH L, T GETH (lost update) &

Vi

Ti:wnla]; wi(b] Tz-j wala]; wa{b]

L1:W11[a];w;u[a];

DBS, DBS:

X4.14 HEEH
PEOBIDS D5 X D2, FT— <= AR ELWIKEIZRD/28HI2E, O -

TN a DB AHEBEOETIEEEWHY ALENFS DL, TOOOFE Y. FH
BRATHIME & v,




4.6 RIBEFEFTHIE (concurrency control)

BEONI VHF2 v avds, BBOTF— X2 "HOF TV 27 b ZHRIET LR
BBIIDoWTELDL, SHDLE, KT —INRN—RAY—NHNDTF—FR—ADA 7 T)T 1
MPEEDLEDIL, AT AEERDAN—T v P2 LESRILENSL, ZD/2HD
AL, mEEFEATHIH [BERNST] TdH %o

4.6.1 EFITE
[#5EATDIE S ]

I WY a T, Tadd, F— % N— A% —/VDBS,,...DBS.NOF 727 b %
THTABEREL D, HHROFT v HF 7 2 a VRO — S XY EFIEShT A2
O L SOMIE LTHEIEEEN: (serializability) [BERN87, LYNC93]) 24, » %
FFG o7 arvPBETLTLORD I YHF I a b PF—-DFOEFTEREI L ES
FfFE L, 2OBBYENET D, PIUH 7 a VI -BERHEFRELTWAZ L b,
MYy YERMTE L BILE, AT IR AV AT ARD T — 5 N —
A%FELVIREICRED, Z2OZehb, BEO T V7Y a VPFAICET IR EGS
b, F— s R=2A %I LGIREBIZR D, 07— & N— Y =T, EHET SRR
B HABEFETLIERLELTHAZET LT, ZOFNFEFTOELS EL T
5o

Lo ¥ 2330 T, . TaDBEEETE, ZOEE, LIZATAHT, ., TalHo
NERERIMR << 2T IZEET 5o

[F3»¥92 2 a v BONERERME]

ToODONF s ar T E TR LT, MTHEEDI2EE, T << Tw & T5,
Blt. A 1T—HNVEELL T,

(l) Ty @?ﬁi% OPih & T @(ﬁ% OPkb E"LET&.. OPih t OPxh fﬁﬁﬁ/ﬁ\ L\

(2) opik 7% opw 23 DBSs THATL THEIT SN 5,




BZE, B4.13T, DBSIHOF 7V 7 baillonTid, T Te L D S FRITERIEL
TWADT, Ti <<, Te Tdhb, —F, DBS: Tid, Te T LD LEITb ZIRIEL T
ADT, Te<<u Ty Tdh b,

NEFRR << BT, T, T OB LAEFRERTHL I EZERT D,

[EZ|u]fet]
FRELIZOWT, << PeliFEFEe LI LEAESITETH S,

(B] —>DH%—s3DBS:1 & DBS: %% %24, 22T, DBS: A7V 27 hx by %E
t,, DBS: ¥z #¥o k¥4 45[[H4.15]. DBS: & DBS: (2§ AKD_ 20D 5 A7
TarTiéeETe%EZLDL,

T rulx]; wee[z]; rulv]; ¢

Ta: reelz]; wa[x]; raly]; ¢
DBS: & DBS: iZxft+ 20— A NEREL & L. Ol x LL N IZAT,

L ru[x]; wa[x]; ruly]; rafy];

Lz rae[z]; wiefz);

L& L OB SN AEELIE, AR TIES W, % 5id, DBS: T, x DR
FEEZ. TiOrufx] 23T © walx] £ DETICEFT SN TS, DBS: Tidifiil T: @
re[z] BT O wolz) KT LTWENLTHE, BIb, T <<u T: TTe <<0 T TH I,
<< (AT PR T & v,

L2L, TFIRARTOU—AVEEM & M OEFMIBEFAGETH S, DBSQ@x Iz
DWVTE, T' D] 5T D wax] IZEIT LTV S, DBS:D zIZl2owWw T3, T O
wiz] DS T: D re[z] IHEAT LT WA, yIZOWTiE, T ® rafy] 25T O raly} (25T L
TwB B, TNBIEHEA L%V, 4o T. DBS: & DBS: CBITABSEEIL, TiA T
FDBEITLTVA (T <<m To)o ZOTEiE, T 2FEFTLHEID, T 2EANICESL




et RILERPRON S,

M I‘ll[X]; Wzl[X],‘ IEl[y]; rn[y];

Maz: wiz|z]; refz];

Ti:enfx]; wizlz] ; ruly] To:reefz)  wa[x]; raly]

M, 11‘11[}(] ;Wzl[x] ;rz:[y] jruly] Me:wiz[z]; r22[2]

~_

DBS;
B44.15 BFIRIEEM:
BN OHEO T SIZ, BELICHTAUTOME Y S 72 Hw5,
e 275 7 ]
BRELICALT, BMTOFWHIZINBoZ2GMI S 7 G2 LOMEREY T 7
(precedence graph) &3 5%,

(1) LADE FZ X7 a vy TR LT, AT 21T 5.




Y EEONS Y2 a3y TiETICIFLT, TTOEE opi T DiEE opi ERE
L. L TopAop L WERITLTEITERTVALE, HiAT 25 T I2FMEA

Ti— T ef&iT 5. [
BIIE, 4. I5TEZLBERL E MONERET T 7 2K4. 161077 T,

T =~ Ty T, <1 T
nM
8 L

X4.16 B 557
VB 279 7% Hvadl, ZODBEFRMETHLZ L E, LTFOL ) EHTE B,

[ FIE o [ il e )
TOoDERLELDIEFREYIFTZHFELEE, ik L d[AETH L, Bl LT.H4.15
T, TV QBRI T WETFSINALEH T 7S, UToLHIci b,

S ru[x]; I‘u[y]; WE][X.]; r21[y];

Se:w 12[2]; rzz[Z] '

FT7V 7 x0T TE <<s T: TH N, 220 THT <<s T2 ThH b, LT,
IO 77, M4 16Q2Q)ERLEL S, Thbb, BEMIE., HIERES &[FH
BETHb, T2 ZOOREHFEMETHL L E, PT s N—AZFELREETLHI &
b,

HEXo T2 b,

[ 5T AE M ]

BELOMRFZ 77 GHROEAEEEELVvE &, LIZESIFGE (serializable) T
%o REEAEFITRETH L, REEIZIE Ly



4.6.2 —fBov o

BEONS O FS L avT, ., Ta DEREZEHNEEETAFECDODVTEZ S, 20
720, BT AHBNETIHF Y, 7 — 9 N—2A =T -EDEFET5LED
Hbo

A, "oy rsJoban

R BT T AFHHEE LTIE, I v 7 [GRAYTS] b L, 7V
7 FxH LT, HrLduy 2 Qock) EE 1[x] £ 17 v 7 O (unlock) B8 u[x] T EA
T4,

[@wy 27T b o]

(1) Bb5oF 2y a3y, 77V 7 Px 38ETARIKE., XX x00y
TEFTY, BOTiAx 20y 2 LTWAEIESIE, TVIdT O9 v 7 OB ulx] % FF
=

(2) Tiid, BTHEIIC, TiAEERLAETy 7 OBRET I,

b LS Y, Oy s IO AN T, ATV 2Oy LThL, BS
NWAHREEE, EAREL i3k 6k,

[#]] H4.13CEZ P F vy v T b T %245, 22T, &9y ¥riay
. UToOE3icabbdry st a4,

T:: lufa]; rufal; wula]; unlal; liz[bl; Tz2[b]; waz[b]; we[b]; ¢;

T2 lz[a]; ta[a)]; 1a[al; wailal; reelb]; wa[b]; uaifal; uz(b]; ¢;

CHNOBEBEK A2 1715 T, bbb L5112, 09y 2 %41-T8., H4.13L 4
CEBELEN, Bt Lo x| mHITEETid vy,




Ki:lufa):rufal; wulal; wnfal : 1z [a); Kz 1u[b] ; ree[b] ; wez[b] ; wa[b] ; Lizfb] ;
rafa]; wala]; uala) Tiz{b]; wiz[b] ; wiz[b]

3 >

S b ]
~N_ N

‘DBS, DBS:

X4.17 Oy 7&E
BEZEVINETLE-O00y 7 HEE LT, 22 v 7 (two-phase locking) F3A°
b, INZUTIRY ¥, KRZA 7V 27 VW FFELLZVWEGE2E25. Tv %
W ravedh,
[THogy 7 7obrzn]
(1) TIHOFFEE opi[x] 1237 LT, DBSAHADx 2T v 7 (lx]) 5,
(2) TiHE » 7 ORREE L ITo727% 51E, TTRIAUED v 7 2TFb kv,

CHHa v s b UYL g ORI R LTIORT,

(1] 4. 1511 T F— 4 <X— A% —2DBS: & DBS: (T 5 ALLTFO_2oD T ¥4
armMeET: ’i"%‘i%o

T lufx]; ra[x]; Liz[z]; wie[z]: La[y]; wie[z]: ruly]: uay]; wux]; ¢;

Ta: lzz[2]; realz]; 1aa[x]; waa[x]; Laa[y]; ralyk valy]; un(x]; uelz]; c;

T & T Tid, Oy 7 ORKBEFETINBIIO Yy FEERET S TRV, L




Ao T, TikTedd, “HOv 7 b5 F o arThb, LIPL, ROFFAHF
ary T THT Y Z7RATRA V., xOOy 7 anX] X BB LARIC, z&y
OOy 7T TWwWEPLTHb,

Ta: Llu[x]; ro[x]; Lelz]; un[x]; wiefz]; In[y]; wely]; raly]; uulyl; ¢;

DBS, TO T OFEEEOCERY T3, ORIV 223 >THhb, T & T: DFE|
V¥ avid, BTOXHlh b,

T

—

1 111[X]; r11[X]; 111[}{]; 1‘11[}’]; un[x]; uu[y]; C,
T

2 lie[z]; wiz[z]; wiz[z]; c;

—

T

e

v 1aa[x]; weai[x]; laly]; raify]; ualyl; ueilx]; c;
T

2: la2[2}; re2[z]; uzefz]; c;

&

&Tsli. MOy 2R THLIEN DL L, BING ¥ & 2 3 Tu & Ta ®DBS
TOA VY~ TEFT*RTO-HLVEEN L, Te & Te®DBS TOA » ¥ —7%
TERTOU—HNVEREN: # LTI Y,

Nr 111[):}; 1‘11[}{]; lll[y}; U.u[x]; 121[X]; uu[y]; W21[X]; 121[y]; r2l[y]; uzl[x]; uz;[y];

Ne: lie[z]; wie[z); wie{z]; le2[2]; T22(z]; wse[z];
FIEEN, £ Ne O AFEN TIZ, ECOFFHEED, T'OLOHFT: L h bF/IZE

TashTtwa, B, Ti<<n T: ThH b, iE-T. Th DOEFTFRHRI, TexFEfTLIEEY
NTLUTOEYEREELAETH L,

St 111[X]; rll[X]; 111[}’]; I'u[yl; un[X}; Ull[y]; 121[X]; Wm[X}; lzl[y]; rz:[y]; u21[y]; um[X];

Sa: liz[z]; whe[z]; wee[z); l[z]; relz]; uelz);
DD, ZHAOy 7 F 7 a3 ilonT, LTOERFELNTWS,




[CTHovw s b7 a o] ForNSrFEr T a b 2oy s ER L HIE,
BohbBEEIIERETH 5,

B, EObr7 ¥ 7 a b "y 2Ll Chon by ol a ol
BOTFT— 5 _— A = NTEITLIHERIIFE LV,

[V > & DR & 7 T ]

ZHuy 2 FRTHE, Oy FOBRECOIT) PIMNEL LD, ATV T b xD
Oy 7OBE Ty sy TORTHICIT)E, DT %27 a yTids, x
T T D THIICIETER, Tids, 7HR—=FLAEEAICE, T 7R—PENDLED
Hbho ) LIz 7 F— P2 C200RFEELT, b UH 2 va L ORTEIC,
ERLIeTouy 2 2—FLTRRT 2 HEXFDH D, TOHERITH &, BEL G
boETES,

(Rt —HT » 2]
(1) TsNDOFFEE opilx] IZxF LT, DBSAD x 23 v 27 Lilx]) T 5,
(2) TiH23I vy bEARRTE-MTAEIZ, TioTy 7 2 TR (WD T4,

BUADTFT = R—ALATATOMT 77 ra vk, BELZHT » 2EXHTWS N
Twh,

B. nyrsoEt—F

7727 bx%, BHPT I3y TiMread 2T HGEEEZ L, O T >
YriarTbxkread TA5E&, Tidx 32Uy 7 LTWaADHIC, T x2FIHT
Exv, LAL, read 3ED L) LIHFTEFINTHIHRRFALTH D, ZDhdil,
FER op IZX LT, Ty 7 %E— F modelop) ¥# % 5,

(B 7OE—F] x 2T 5 _-20FEEom L op: 3 ED LI ICETLTCOLERMFLT
HAHLE, oprlopid, WRTREETH, KBRS EEopr & op DT v 7 E— F




mode(op1) & mode(ops) (3£ 7 T A (compatible) & 5,

HH op ERIRE-FTAT V27 b MDE T op: TH v 7 STV 5 & & (2HE,
op WX x RIRIETE S, F) ThWwne &, op il ka0 v 7O TFE -RIIR 6%
Vg B2 L, readiBiE DD v 7 F— F Rlock 3HEWIIEZTHAD, write EBROD v
7 €— F Wlock 12, Wlock & Rlock & V. Tidev:, Thbooay 7 E— FEOHE
3B F 4. 18127R T o

R W
R O X
W X X

O X X o FFREIL
F4.18 O 7E— FOMFLME

4.6.3 LFUAHAT v rOZHEOY Y

RKIZ, ATV FxAEHDOL T x,. % EREOBEEEZ S, BlIZE, 77
JV Emp DK A Emp:=Empleno,ename] 25, = 2N 57— ¥ ~<X— A% —,1DBS; & DBSs |2
T 550 (4. 191 TH 5, |

D D

Emp | enu | ename Emp| enu | ename
Ne— N
DBS: DBS:

€4.19 LU




A. FEEROy 2 AN

—DOFEE, AT V22 b x DL T X, L e BETE 2 LTS, x5, o X
% read & write ¥ 52 & THd, LL, CORETIEH. L7V 520755720
W, B ERBORGSIKEL L, TORDIIUTONENS S,

(LS Amay 7 FR]
() #7Yx27 FxDread IS LTIk, $5 L7 ) # x % Rlock €~ FTRy 7 LT
Ph, x¥read 35,
(2) x D write I L TR ETOL 7Y A x1, o, X & Wlock E— FTUO > 7 L, x,..,
xm & write T 5,

CORETE, BT LI DD HDxi¥read TX A, ZD7/20HIT, WP
DIEHAIZE L2 FETH 5 [[H4.20],

T
Rlock read
X1 -—— X; ——— %n
write
Wlock
Wlock. write
T

H4.20 LFUbhoAy 7AER



B. Ev7yshovshHR
b )—o0NER, LT IDOFO—2, TITExEF TV P xOFEL TSN
ELT, Oy ZRlREL AV HICH LTI HiETH 5K 210,

[FELv YAy 2 k5]
(1) #4727 b x®Oread IZX3 L TIE, xi ® Rlock £~ FTI w27 LTh6, 5 x
% orlx] T 5.
(2) x D write I LTI, EL 7Y A xi% Wlock TH v 7 L, $XTDx, .. Xa &
write ¥ 5,

ZORFNTR, 9y 22 F L7 A0EH LTOARTFLZEIVWOT, writelHE O
Oy ZOBWEHEATESL, LAL, x iCAFG»EDT 5,

Rlock

read

F4.21 ELT7UVHOOY 7HR




C. a2—% 255
s, I—F HIZE DV HEXS L, 7V 27 bxid. mEOL T A x, L, xe

RO ETE, L 7Y xid, WEEF versionx) D, xid., read 71— 7 A
r-quorum & write 2 — J A w-quorum &\ " 2o0OBHE Yo, I ZC, WEE., L

TORFE@HEL TS,

[ —F ADH#] r-quorum + w-quorum > m

¥4, T ‘/‘*)“‘_57 arvd, xbread TAHGE¥EZ S,

[read 3]
1D F7V272rxDVLT)AEEXOTHS, r-quornm HO L 7)) 4 #ET 5,
INLEDOLVTINHOEEGR T, L LIZOoWTDI—-FLET 3,
2) BBLI—F AR OHT, EZPB—FREVEL T I x OEZHD,

RIZ, ATV 27 bx % write T ABEETEL1 5,

[write H3(]

(1) A7V bxDL7)HEEX D5 w-quorum DL 7)) h EHET L, Th
HOL TN HIOESET, ERAKIOVTDOI—-FLWETELH, WOHRT, HES
B—FRERLV T I kRO 5,

(2) version(x) LIS 5,

(3) EBAAIZDOVWTOI-FLAWAHDEL T )W, FEXATNIMEL LHLCREF
FvEEED,

4) WAHDOL 7Y x5, Lt EES v ERELLET S, version(x) < v
oI, xDfEER t L LT, vesrion(x) ¥ v &¥ 5,

r-quorum & w-quorum D4 fFiE, read 247 HYEA 7V 2y b &, write #57) L

TIADEEE, L —2DL TN ANRRLBIZIETFNTVWE, 2070, read




3. MEOF TS POEEFED S, write 2 LTH, £V 7) I % write T AL
D, FIRAT—FLAHDL ) B % write THUL L v,

4.6.4 ¥y FOv7
Fo Fau s, O vF 2 a v F T a D0y P OB E
f#%é)ﬁfb‘é‘b‘(i‘é'@%%o

A, WHHE

FE YWY arloFy Fay 2, BREIS TSI 7EMAVAZ EICXDRINTE
Bo b rvavETuLAfiE, A7V FPEBREAELT, FI U a
YTAF TV bx@Oy 2 LTWwAEE, x b TIAMLERT S, /2. T
HxETy 7 LIIELTHE-TWAEEEICE, Tids xIZAMEE R TA2bDTHS,
B2, BMOTF—FR—AY—1h 50 b AT AT, BRILTTF I 706, 7
V2 FERE, THFTIEINAy 2 5hTwEd 7V 20 FefFoTwabL &, T
b T ICB MR EETAEEL Y5 7 (wait-for graph) 285 { v bz,

(5B 7]
(1) BFFo¥2 a3y Tz LT, BAT &5,
(2) IHFTIZL DBy 7 3NTWEL TV 27 POBREFoTWALERLIE, Tidd
Ti [KAMA A 2% 5 (Ti — T)),

ZonrFyHErTarTi, T, TN, BOBOYKF T2 bx, vy, 2%
Oy s LTWwaETh, T0LE, TWHy%, Tedfzk, TalfrxDOUI v 7 2f1EH &
LTwhbEdTh, 22T, IOy OfBERL, T3 T:D 20BN ERFL. Ts
XT Ox DBREHED, CORBREYRIFELY 7 7%, B4.2212R T,

Bl4.22 57727




4. 2202 R 3REEIZ . Ty, To. e HEWVWKEHEH - TWAI ENLFy FO v 73K
BThHbd, Md.22% A2 L, REFRPABRFFELELTVWLE I EAbhb,

(Fy Fu v 2] 8575 7HAKERB S LIE, 2O XIHEN AT A
Fu P& LTwah,

KT, B4.23ICR T X512, DBS: A7 V27 bx by DL, DB Az 2 §i0H
FEEZD, M4.22IRL72E, Z2o0 5y H o2 ar T, T, TeFEOBD
Xv ¥y 2EUv 2 LTWAEET A, ZDLE, Tidiy %, Todz%, TudixDU v
PERATBHELTVAE LT L, DBS ¥R TALE, xby#FIHLTWE T, T
T: BZiE, KEIEMBBISELELE V., DBS: bFEkTH L, Lo L, F87T— &~ —
AVAFLELTI, vy Fay s bhoTwhb, 2OLIC, FHRF—FN—RAL A7
LT, ET—FR—RAF— AN TFy FO v 7o TWwaL{TL, VAFLeHEL
THRIEEL, Ty FQ o7 EhaoTwbIlbdrddb, SRTF— I N—ALAFTLTTY
Py 72U TE00103, YATAERKOHLEEFELICET AL, T—F =2
H—E, FFUHF I3 YETOMESLEE LD,

T T:

Jr\ \ \\

— gy

T imurmg
: DBS, DBS;

X4.23 #BF—4a~N—2H—1EoOFy FOy s




C. #lihE
Fu FOv 2 xBiRT A HEELT, Fy POy Z2%#8B LT, 7y Fov ZiKE>#
HTAFENHL, ZCOFEE, BHOVATFLATHECHWONTHWLLDTH 5,

(7w Fuy 7R R EE]
(1) HEOKREBIZIHTAELY 77 G 21D, REIPBZET,
(2) RAts» i, CoOBBROHL S 2 aryTi%ERL, Tiaz7R— 34
Ho

TOT7HE—-MZLIY, iy 7 LTWwied 77 ouy 7 PRI S, Th
ik, Fy Fay 2 2RETa 5,

g7y Favys] Fy Favy 28 LTwiTh, Ty Fay JBFEATY Mo
p I BEUTWEERLZLTLEYIREN. 57y Fu vy Thi,

hF Wy a oA Oy IR THAESIIE U TOWE R EN Ty 5 [BERNST],

HE] o FrravAf oy 2BRATHY, SHBECT7 R MR o, B

T Fuy Zi3E LRy,

(7 Fay 78 ko]
7y Ry 7 ORd - BERLETIE, LTFREL T 5,
(1) BEBOEE
RIS Ty FO v 2B 21T FESHVONLIEET S, Zo& & Bz L
OIS ADPMEE L, B 28T, 7y Fuy 7REOOOARMTEA
LTLEH. —F. BHI2REC(TLE, 7y Fuy 2 PREMELTVWL I IR 5,
(2) THER=FTBF7 ¥ 2 a v OFER
Fy Foy 2SN L&, EOFT WY g L RMEIRT SE L0 REE
The EITEINTVEREO—FH LD, RWdO, vy 7 LTwsAd 7V 27 M




Wb Db DG e BINT L hESGH 5,

D. BhLAE

Bk TR, Ty Foy 23&LawE i, ha s a it 7y bR
Dy o SHEHFETHE, TOLOOFEE LTUTIEH 5,

(1) A7V 27 FRWFEFTT, P s a2, ZOMEICD Yy 7845,

(2) VFUHT L a yEEIERMTT A,

(472 =2 +ONFAL]
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Abstract

According to the advances of communication technologics, kinds of mobile wireless stations like per-
sonal handy systems and intelligent robots are svailable. Objects support absiract operations and are
distributed in not only fized stations but aiso mobile ones. Transactions menipulate maltiple, possibly
replicated objects in mobile and fired stations. While the objects are moving from one location to others
in the system, the quality of service {QoS)} supporied by the objects are changed. The conneclion is lenta-
tively closed by the mobile station in order to reduce the power consumption while the operations issued by
the mobile station are being computed, i.e. disconnecied operaiions. We discuss the migration end repli-
cation methods to treat the discomnected cperations. In addifion, we present an optimistic concurrency
conirol to maintain the mulual consistency among the replicas by taking into account more absiract types

of operations on lhe objects than reed and wrile on files.




1 Introduction

According to the advances of communication and computer technologies, kinds of mobile wireless
stations like personal handy systems are available. The distributed systems are composed of mobile and
fixed stations interconnected by the communication networks. The fixed stations are connected at the
fixed location in the communication network. The mobile stations in a cell communicate with the mobile
support station (MSS) in the cell by using the wireless communication. The mobile support station
maintains the conneciion of the mobile station in the cell with another station. If the mobile station
moves to another cell, it can continue to communicate with the station through the mobile support station
in the cell. Tanaka [17] and Teracka [18] discuss protocols for supporting connections with the mobile

stations.

Users access objects in the fixed server stations through the mobile stations. The mobile stations are
not equipped with enough capacity of battery to have long-time communication. In order to reduce the
power consumption, the connections among the mobile stations and fixed stations are disconnected while
the operations issued by the mobile stations are being computed, i.e. disconnected operations [12]. One
technique to compute the disconnected cperations is to cache data in the fixed station like server to the
mobile station. Without communicating with the fixed station, users can manipulate the data cached
into the mobile station. Barbara [3] and Huang [9] present how to cache the data in the fixed stations to
the mobile stations and how to maintain the mutual consistency among the caehes and the fixed stations.
Jing [11} discusses the locking scheme based on the optimistic two-phase locking [4] on the replicas and

a way to reduce the communication overhead to release the locks.

In this paper, the distributed system is assumed to be composed of objects distributed in multiple
stations. Each object supports abstract data and operations for manipulating the data, while only read
and write operations are considered in the other papers [3,9,11]. On receipt of the operations, the objects
start to compute the operations, which furthermore may issue operations to other objects. On completion
of the operations, the objects send back the responses. The computation of each operation on an object
is viewed to be atomic, i.e. the operation is completely computed or nothing [7,2]. The computaticn of

an operation issued by the operation is also atomic, i.e. nested [16,19].

The objects may be replicated into multiple replicas in order to increase the reliability, availability,



and performance. In this paper, we assume that the object is fully replicated; i.e. the replicas have the
same data and operations as the object. We discuss an optimistic concurrency control to maintain the
mutual consistency among replicas of cbjects supporting more abstract nested operations than read and

write.

According to the movement of the mobile stations, the objects in the mobile stations are viewed
to move from one location to different locations. Mobile objects are objects which can move from one
location to others in the system. Fized objects are in the fixed stations. Each object is considered
to support some gquality of service (QoS) like response time and bandwidth. Thus, according to the
movement of the object o, the QoS of ¢ is changed. The movement of ¢ is modeled as the change of the
QoS supported by o in this paper. Problem is how to support users with the service required by the users
under situations where the cbjects are moving in the system. In this paper, we would like to discuss how
to manage transactions which manipulate mobile and replicated objects, which support nested, abstract

operations.

In section 2, we present the system model. In section 3, we discuss how to compute disconnect
operations. In section 4, we present how to compute operations on mobile objects. In section 5, we

discuss how to maintain the mutual consistency among the replicas.

2 System Model

The distributed system is composed of multiple stations interconnected by communication networks
(Figure 1]. There are two kinds of stations, i.e. fized and mebile ones. The fixed stations are connected
at the fixed location of the network. The mobile stations communicate with the mobile support station
by using the wireless channel. If the mobile station moves to another cell, it communicates with the
mobile support station in the cell. By the current network technologies [18,17], the connection among

the stations can be maintained while the stations are moving.

A unit of resource in the system is referred to as object, which is composed of abstract data and

operations for manipulating the data. Fach object o can be manipulated only by the operations supported

by o. We assume that each object is stored in one station.

There are two kinds of objects, i.e. class and instance. The class includes the scheme of the data and
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M ;. mobile station
Fj : fixed station

Figure 1: System model

the operations for manipulating the data. The instance is composed of the data instance of the scheme

and the operations inherited from the class.

The objects may be replicated into multiple replicas which are in different stations. Here, suppose

that an object o is replicated into multiple replicas o!,...,0' (I > 2) where each o is in a station s;
(i =1,...,1), If the replicas have the same data and operations as o, o is referred to as fully replicated
to o,...,o'. If not, they are partially replicated. First, suppose that o is a class. s; has all operations

supported by o if o is fully replicated. s; has some operations of e if partially replicated. Next, suppose
that o is an instance. Each s; has the data instance and the operations. If o is partially replicated, 3;

has a part of the data of o.

If an object o is in a mobile station, the location of o is changed according to the movement of the
station. We would like to discuss how the movement of the object o is viewed. For example, the response
time to manipulate o may be increased due to the increased latency to o. Thus, the movement of o is

modeled to be the change of the quality of service (QoS) supported by o.
[Definition] An object o is mobile iff the QoS supported by o is time-variant. O

The computation of an operation op in an object 0 may invoke operations in other objects. The
computation of op is considered to be atomic. That is, all the operations invoked by op complete
successfully or none of them. If some operation invoked by op fails, all the operations invoked by op have
to be aborted. The computation of each operation invoked by op is also atomic. Hence, the computation

of the operation is considered to be a nested transaction [16,19].
3 Operations on Disconnected Objects

We would like to discuss how to compute operations on mobile and replicated objects.




3.1 Disconnected operations

Suppose that there are three objects o;, 05, and oz with the data d;, dy;, and diji, respectively.
Suppose that an operation op; in ¢; invokes an operation op;; in o;; and op;; further invokes op;;, in

0;;, as shown in Figure 2. op;; manipulates d;; in o;; and op;j; manipulates dy;; in o;.. Since the

ijk

Figure 2: Invocation

mobile station is not equipped with such powerful battery that it can have long-time communication, the
mobile station often has to close the connection with other stations to reduce the power consumption.
The mobile station also may be disconnected due to the jamming and noise. Thus, the operations may
be disconnecied [11] while the operations are being computed. If the object has no connection with the

other objects, the object is a disconnected. Objects which are not disconnected are connecied.

There are ways to continue the distributed computation on mobile and fixed objects in the presence
of the disconnected objects:
(1) migration of objects, and

(2) replication of objects.

In the migration way, the operations and data of the disconnected object are transferred to another
station. On behalf of the disconnected operations, the operations migrated are continued to be computed.
The data caching is a kind of migration where only data in the object is copied to another station. In
the replication way, the object is replicated into multiple replicas o,-lj ...0f;. If a replica of']- used by an

object o; is disconnected, o; manipulates another replica o‘!‘j on behalf of ofj.

3.2 Migration of objects

First, we would like to discuss how to migrate objects from one station to others. Here, suppose

that o;; in Figure 2 is to be disconnected due to the close of the connections. There are two ways for

migrating the object:




(1) to migrate the disconnected object o;; in s;; to another station, and

(2) to migrate the connected object o;;% in si;x to the disconnected station s;;.

One way is to migrate the disconnected object o;; to another station. For example, op;; and di; of o are
migrated from s;; to another station s;;; as shown in Figure 3. If s, has the class of o, only dy; can
be migrated to s;;; since s;;; has the operation op;;. After migrating o;; to s, op; can still invoke op;;
of 05; in sijx. If 05 in s;; is reconnected, o;; waits until op;; in sij; completes. Then, di; in s;, is sent
to s;; if d;; is changed by op;;. On receipt of dy;, d;; is restored to the data in o;;. In stead of migrating

o;; to s, 0;; may be migrated to s; or the other station.

Figure 3: Migration of o;; to 5y

Another way is to move the connected objects to the station si; to be disconnected. For example,
suppose that o;;; is migrated to s;; as shown in Figure 4. o;;; is migrated to s;; from ;.. Since oyj; is
still connected, o;;; is manipulated by other objects while d;;i is being manipulated in s;;. In the caching
method, only di; is sent to s;; assuming that s;; has the class of g;;, i.e. operations for manipulating
d;;. It is problem how to maintain the mutual consistency of d;;; among s;; and s;;.. The problem is

discussed already by many papers (3,9).

As stated now, if o;; is to be disconnected, there are two migration ways, i.e. (1) opi; and dij of o
in s;; are migrated to another station or (2) op;;; and dyj; invoked by op;; are migrated from sij. It
depends on which object 0;; or o;;; coordinates the distributed compu’;ation. For two objects 0;; and
Oijk, if 0;; coordinates the computation on o;; and o;;4, o;; is referred to as superior to o;;5. An object
which is not superior is migrated to a superior object. For example, if o;; is in the mobile handy station
and a user interactively manipulates o;;; through o;j, o;; is superior to o;jx, i.e. 0i;; is migrated into s;;.

If neither o;; nor o, are superior, o;; and o;;; are referred to as equivalent.




Suppose that o;; and o;;; are equivalent. The following migration strategy is adopted to reduce the

communication overhead:

[Selection of objects]

(1) If either o;; or o;j% are updated, the object whose state is not changed is moved to the other.

© (2} If a volume of operation and data to be sent to sijg 1s smaller than o;;, o0;;; is migrated o s;;.

Otherwise, o;; is migrated to 5.0

Suppose that an object o;; is updated by the operation op;; and oy, is not updated by op;;,. If the
object o;; is migrated to another station sijr, 05 in s;; has to be synchronized with the object migrated

in 8;;, when oj; in g;; is reconnected.

i ik

Figure 4: Migration of o5 to s;;
3.3 Replication of objects

We would like to discuss a case that o;; is replicated inte multiple replicas. If one replica of;- being

manipulated is disconnected, another replica o,’-‘i is used on behalf of of;-. Suppose that o;; is replicated

into two replicas o; and of, as shown in Figure 5. In this paper, we assume that the objects are fully

replicated, i.e. o}j and ofj are the same as 0;;. If of; is to be disconnected, op; can invoke opi; in the

replica ofj and op;; in o?j can invoke op;;x as shown in Figure 5. Here, the current state of o}j has to be

sent to o?j. On receipt of the states of d;; and op;;, the states are restored to d;; and op;; in 01-23- and then
2

oj; starts to compute op;; for the current state received from o}j.

Another way is to abort op;. By the abortion of op;, op;; and op;;x are aborted. Then, op; is restarted

and op; invokes op;j in of; again.
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Figure 5: Replication of o;;

4 Operations on Mobile Objects

We would like to discuss how to compute operations on mobile objects.

4.1 Less-qualified operations

Each object supports some service, i.e. operations for other objects. The quality of service means the
performance, reliability, availability, and security aspects of the operations. According to the movement
of the object, the quality of service (QoS) supported by the object is changed while the object supports
the same service. For example, the bandwidth between o;; and oy in Figure 2 is changed to be lower if
oi; is moved to a station s;; which is connected with the lower bandwidth network b [Figure 6]. Thus,
the QoS of o;;; is defined for each object o;; issuing operations to oj;x. QoS(0ijk,0i;) denotes the QoS
which o;; supports for o;;:.

Suppose that o;; is replicated to two replicas o}j and ofj- as shown in Figure 4. If the QoS of o%j for

0, 1.e. QoS(0:;,0:) is degraded to be lower than op; expects to take from o;;. o; can use another replica
0% in stead of o}; if of; supports the better QoS than o};. Here, let ReQ(o;;,0;) denote the QoS which o
requires o;; to support. Let @y and Q2 denotes two QoS values, Q1 < @z means that Q1 is befter than

Q. For example, if @1 and @; 1epresent the bandwidths 10Kbps and 1Mbps, respectively, 1 < @2-

[Definition] Suppose that op; invokes op;;. opj; is referred to less-qualified for op; if QoS(0i;,0:) =
ReQ(O,‘j, O,'). O

05;’-, where each replica of, is stored

Suppose that an object o;; is replicated to I(>> 2) replicas o; 7

TIRERE

oij, o; has to find a replica of, whose

in a station s_f‘j(h, =1,...,1). Let r{o;;) be a set of replicas o} J

FERRRE



Figure 6: Movement of object

QoS is the best in »(0;;). o; selects one replica ofj among the replicas in r(o;;) as follows.

[Selection of the replica]

(1} o; sends R¢-QoS messages to all the replicas Ofiseers oij.
{(2) On receipt of the Rg-QoS message from o;, each replica oé‘j sends back the Ap-{JoS message with

the QoS ofofj tooi(k =1,...,1).

(3) If o; receives the Hp-QoS messages from the replicas, o; selects one replica ofj with the best QoS

among them. O

Then, op; invokes the operation op;; in ofj. This methed implies larger communication overhead to
broadcast Rg-QoS messages to all the replicas. Hence, we adopt the following heuristics to select the

replica.

[Selection of the replica]

1) Ifthere is a replica of; in the same cell as o;, the replica oY is selected. If there are multiple replicas
p 11 !J p p
in the cell, the replica ofj which supports o; with the best QoS among them is selected,

(2) If there is no replica in the cell, o; broadcasts the Rg-QoS message by the selection algorithm. O

Anocther way is that there is one coordinator of the replicas, say o'-lj, a}j monitors the change of QoS

of each replica ofj. o; first asks o}, to find the best replica for 0;. Then, o}; selects the best one, say of;.

While op;; is computed in ofj, the QoS of ofj may be changed according to the movement of o,?j. If

op;; could not support the QoS required, i.e. op;; is less-qualified, o; can select another replica of o

which supports the better QoS than ofj.

[Resolution of the replicas]

(1) If the QoS of of; is being degraded for some time units, o; finds the best replica of; which is better




than o:‘j by the selection procedure.
{(2) U of‘j is detected, o; requires ofj to send the states of di; and op;; to of‘j. On receipt of them from

ofj, o?j restores them to the state. o; invokes op;; in of‘j. ]

4.2 Faulty replicas

One problem on considering the disconnected operaiions is how to differentiate the disconnected
objects from the faulty objects, Suppose that o;; is faulty in Figure 2. If o;; stops by failure, the
connection with oy is closed. oy cannot know whether o;; is faulty or not because the connection is

closed and there is no way to communicate with o;;. Here, we make the following assumptions:
[Assumptions]

(1) The network is synchranous, i.e. the propagation delay is bounded.

{2) The computations in the objects are synchronous [6]. O
The assumptions mean that the faulty objects can be detected by the timeout mechanism.
We adopt the following strategy to detect the faulty objects:
[Detection of faulty objects]

(1) The disconnected object o;; sends periodically Alive massage to o; and oj;.

{2) After the disconnection, if o5, or o; does not receive any message from o;; for some predetermined

time units, o;;; considers that o;; is faulty. O

The operational objects have to send Alive messages to inform other objects of their being operational.

The Alive message is sent by using the connectionless communication.

4.3 Computation of QoS

The QoS of o; for o is given as QoS(o;,0). Since o manipulates o; by an-operation op;, the QoS is
given as QoS(o;:0p;,0). We would like to discuss how QoS(o;:0p;,0) is computed. Since operations in
objects are nested, QoS{o;:0p;,0) depends on not only the computation of actions in o but also QoSs
of operations invoked by op;. Suppose that op; invokes operations opyy,. .., 0p;;, of objects 0;1,..., 0jm,

respectively. QoS(o;:0p;,0) is computed as follows:




QoS(o: : op;,0) = fi(QoS(0i1 : 0pi1, 05}, ..., Q0S(0im : OPim, 0;), gos(op;, 0)).

I-iere, gos{op;, 0) denotes the QoS required for o};,- to manipulate o; f; is a function which gives the QoS
of op; from the QoSs of op;1, ..., 0pim. There are kinds of QoS. The computation time of op; is obtained
by adding the computation times of op;y, .. ., 0P and op;, ie. f; is “-l-’.1 if op; is computed sequentially.
If opiy,y ..., 0pim in op; are computed in parallel, the QoS is obtained by taking the maximum one among

of OP%1y -+ OPim.

In order to compute the QoS of op;, o; asks o;; to send QoS(oy;:0p;5, 0;) periodically or each time op;

is invoked.

5 Type Based Optimistic Concurrency Control

We would like to discuss how to maintain the mutual consistency among the replicas. -

5.1 Lock modes

Objects may be replicated. Here, for an object o, let r(0;) be a collection of replicas of o;, i.e.
r(0;) = {o},..., 0l }(& > 2), where each of is a replica of o; {7 =1, ... ,&;). Each replica ¢! is stored in a

t

station &; (7 = 1,...,1;). We would like to discuss how to maintain the mutual consistency among the

replicas,

Before an operation op; is applied to o;, o; is locked. If o; is locked, op; is computed in o;. If not,
op; waits. Two operations op; and op; are referred to as compatible iff the states obtained by coﬁputing
op; and op; in any order are the same. In order to increase the concurrency, kinds of lock modes are
introduced, e.g. read and write modes. The objects support more kinds of operations than reed and write
of the file objects. An operation op; of o0; is assigned a lock mode m(op;). The compatibility relation

among the lock modes is defined as follows [13].

[Definition] For every pair of lock modes m; and my supported by an object o;, my is compatible with

my iff an operation of m; is compatible with operations of my. O

If m; is not compatible with ma, m; conflicts with ma. That is, op; of m; has to wait until the operations

of m; complete in o;. For example, a Bank object supports operations deposit and withdrawel. The modes

of deposit and withdrawe! are compatible.




Objects support various kinds of abstract operations like deposit and withdrawel while the database
systems support only read and write operations. Hence, various kinds of lock modes are supported by
the objects. The precedence relation among the lock modes is formally defined by Korth [13]. Here, let
M, be a set of lock modes supported by an object 0. For each mode m in My, let ¢(m)(C Mo) be a set

of modes which m is compatible with.

[Definition] For every pair of modes my and m; of an object 0, my < my (m3 is stronger than m,) iff

e(my) 2 e(mgy). O

Here, m; < m; means that the operations of m; conflict with more kinds of operations than my. If
neither my; < my nor ma < my, m; and my are equivalent (m, || mz). Here, my < m; or my || my. Here,
read < write because c(read) = {read} D c{write) = ¢. If the mode of op; is stronger than op;, opy is

referred to as sironger than op,.

5.2 Optimistic locking

The typical scheme to maintain the mutual consistency among multiple replicas is the read-one and
write-cll {ROWA) principle. That is, the read operation is issued to one replica while the write operation
is isgued to all the replicas. If one replica is locked in a read mode, the read operation can be computed in
the replica. On the other hand, if all the replicas could be locked in the write mode, the write operation is
computed in all the replicas. In order to reduce the communication overhead, the optimistic approach [14]
is adopted. Carey [4] discusses the optimistic two-phase locking (O2PL) protocol. Jing [11] extends the
O2PL so as to reduce the communication overhead by avoiding the release of the locks. In the O2PL,
one replica is locked by read but the replicas are not locked by write. When the transaction commits,
the replicas updated are locked by wﬁte. More abstract types of operations are considered in the objects
than the read and write operations. The read-one and write-zll principle can be extended by taking into

account the various kind of lock modes.

The second point on the operations is concerned with whether the operations change the state of the
object or not. For example, deposit and withdrowal change the state of Bank while they are compatible.
If an operation op does not change the state of o, op can be computed in only one replica of 6. Otherwise,

op has to be computed in all the replicas to keep the mutual consistency among the replicas.

The third point is concerned with whether the operations invoke another operation or not. Suppose



that an operation op; in o; invokes opi; in 0i; and o; is replicated to two replicas o} and o?. If op; is

computed in o} and o, op;; is invoked twice, i.e. by op; in o} and o?. It implies the inconsistency among
o; and o;;. Hence, if an operation in an object invokes another operation, the operation can be computed
in only one replica and the state obtained by computing the operation in the replica has to be transferred

to the other replicas to make the states consistent.
[Optimistic locking] Suppose that an operation op of a mode m, is issued to o.

(1) If my < my for every mode m; of o, one replica o in »(o) is locked, and op is computed in o* if

op does not change the state of o, otherwise op is computed in all the replicas,

(2) Otherwise, all the replicas in r{o) are locked, and op is computed in all the replicas.0

Problem is the communication overhead since all the replicas have to be locked by the operations whose

modes are not minimal.

5.3 Optimistic type-based locking

We adopt the optimistic approach to reduce the communication overhead, named optimisiic iype-

based locking (OTL). We make the following assumption.
[Assumption] The less restricted the operations are, the moie often they are used.0l

Each operation op locks some number of replicas in r(o) rather than locking all the replicas. The more
restricted the operation mode is, the more replicas are locked. For each operation op; in o, a number

g{op;) is given as follows.

* glop:) < g{op;) if m{op;) < m(op;).

o 1<g(op) <k
e for every op;, if m{op;) < m{op;), q{opi) = 1.

op; locks g{op;) replicas of o;. For example, suppose that there are five replicas of an object o; and o; has
three operations op;1, opi2, and op;z. Suppose that m{op;1) < m(op;z) < m(opiz). glopi1) = 1. gqlopi2)
and g(op;3) are, for example, given as 2 and 3, respectively. Before computing op;iz, two replicas in five

ones are locked.
An operation op; locks an object o; by the following scheme.

[Locking scheme]




(1)

(2)

(3)

Before computing op;, g{op;) replicas in r(o;) are locked in a mode m(op;). Here, let s(op;) be a
subset of replicas in () which are to be locked here.
If all replicas in s{op;) are locked, op; is computed.

{a) If op; invokes operations in other objects, op; is computed in one replica in s(ogl:,-).

{(b) Otherwise, op; is computed in all the replicas.

If some replica in s(op;) is not locked, op; aborts.O

Since a stronger operation op locks more replicas, the operation op is more often aborted if other stronger

operations are manipulating the replicas. If a replica is in the same cell as an object invoking op;, the

replica is locked at step {(1}. The replicas with better QoS are selected to be locked as discussed in the

preceding subsection.

We would like to discuss how an operation op invoking op; commits. The commitment of op; on

multiple replicas is controlled by the two-phase commitment [2]. One replica of in s(op;) plays a role of

the coordinator and the other replicas are the participants.

[Commitment)]

(1)

of sends a Prepare message to all the replicas. The participant replica of which is not locked by

op;, i.e. o in r(0;) — s(op:), is locked in the mode m({op;) on receipt of the Prepare message. If

locked, the replica o} sends back Yes message to of.
If some replica o} in r(o;) — s(op;) is not locked, o! sends No to of.
If of receives Yes from all the participant replicas, o} sends Commit to all the participants. If of
receives No from some participant, of sends Abort to the participants sending Yes.
If the participant replica ai receives Abort, af abort op; if a: had computed op;.
If the participant replica o} receives Commit, all the replicas in r{o;) — s(op;) are locked.
(a) Unless op; invokes operations in oth.er objects, op; is computed in all replicas in r(o;) if op;

changes the state, otherwise op; commits,

{b) Otherwise, the state of the replica whose op; is computed is sent to all the replicas. O

If op; invokes an operations op;; in another object and op; is computed in o;, op;; is computed more than

once. In order to avoid the iterated computation, op; is computed in only one replica, say o;. In stead of




computing op; in the other replica, the state of o; is sent to all the other replicas of o;. If op; commits,

all the locks on the replicas are released.

6 FKEwvaluation

We would like to evaluate the optimistic type-based (OTL) locking scheme by comparing with the
traditional read-one and write-all (ROWA) scheme in terms of the number of transactions aborted and the
number of lock requests. Here, let o be an object supporting operations ops,...,ops, which is replicated
into replicas o,...,0!, i.e. r{0) = {o',...,0'}. Suppose that m(op;) < m{op;) (i < j). Let f{op;) be the
probability that op; is issued to o. Here, f{opi) + ...+ f(ops) = 1. g(op;) denotes the number of replicas
to be locked by op; in the OTL scheme. Here, g(op:) = 1, glops) = !, and g(op;) < g{op;) if i < j, ie.

m{op;) < m(op; ).

Suppose that the operations opy,...,op, are randomly issued to o. Let A5 be the probability
that an operation is aborted in the OTL scheme. If at least one kind of operation sends the lock
request to one replica, the operations are aborted. Hence, Ay is given as 1 — ]_[Ll(l — flom;) - q(op:)/1)
- Lisalflopdalomi)/t Tljzagpal — £lor;) - alop;)/D)]. In the OTL scheme, op; locks g{op:) replicas.
Let Ar be the probability that an operation is aborted in the traditional ROWA way. A is obtained by

assigning g(op,) with 1 and g(op;) with {(j > 2) in Ao because only op; locks one replica and the other

operations lock all the replicas in r{o).

Next, let us consider how many lock requests are sent to the replicas. Let Lo and Ly denote the

probabilities that each replica is locked in the OTL and traditional ROWA schemes, respectively. Ly is

given by 27, f(opi)a(op:)/1. Lz is given by f(op)/1+ (f(op2) +...+ flops)) = 1~ flopa)(l — /L.
Ag, A, Lo, and Ly are computed for the number [ of replicas where b = 5, i.e. o has five operations.
Here, g(opi) = [1/2**|(i=1,..., k), f(op1) = 0.4, f(op2) = 0.2, f(ops) = 0.2, flops) = 0.1, fops) = 0.1,
Figure T and Figure 8 show Ag and A7, and Ly and Ly for the number ! of replicas, respectively. These
Figures show that less number of transactions are aborted and less number of lock requests are issued in

the OQTL scheme than the traditional ROWA.
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Figure 8: Probability of lock

7 Concluding Remarks

In this paper, we have discussed how to support nested transactions manipulating replicated and
mobile objects in the distributed system. We have modeled the mobile objects to be ones whose QoS is
changed according to the movement of the objects. We have discussed the optimistic two-phase locking
to maintain the mutual consistency among the replicas. Here, the read-one and write-all principal is
extended so that the objects can support more kinds of abstract operations than read and write and the

operations are nested.
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