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Data Priority-Based Timestamp-Ordering Protocol for Transactions
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ABSTRACT

Timestamp-Ordering Protocol among transaction scheduling algorithms can cause the priority reversion that a
transaction with higher priority is processed after the transaction with lower priority by assigning timestamp to
transactions entering system and scheduling them based on the timestamp. To prevent this reversion, we suggest
a data priority-based timestamp ordering protocol to schedule transactions based on their priority within the
same timestamp group after grouping transactions into constant time interval based on entering points. To
evaluate the performance of this protocol, we compared the performance of this protocol with that of others
after constructing the simulation environment with real time database system. We verified that the performance
of proposed protocol is superior to that of timestamp ordering protocol under the condition of high load and
high data conflicts.
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{Table 2-1) scheduler function in ABLP

TR lock-holding transaction

lock_request_handling(D, T) {
if( D is locked) {
block T

otherwise {
Lock on D is granted to T
}
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{Table 2-2) scheduler function in PBLP

TR lock-holding transaction

fock_request_handling(D, T) {
if{ D is not locked) {
Lock on D is gramted 1o 1

¢
4

else if ( Priorin(T) > Priority(TR)){
Lock on D is grented to T

}

orherwise |
T is blocked
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(Table 2-3) scheduler function in PILP

TR

lock-holding transaction

lock_request_handling(D, T) {

if(TR=NULL) {

Lock on D is granted to T
!
!
else {

T is blocked

if { Priority(T) > Priority(TR)){

Priority(TR)=Priority(T)

t
I

(% 2-4 PCLP 7| Hoi Mol EHE2H e 2
(Table 2-8) lock request handling process in PCLP

lock_request_handling(D, T) {
/* Transaction T requesis a lock on data item D */
if (priority(T) > MAX_PCLP) {

Lockon D is granted to T:
J
else [
T is blocked by TR;
if ( priority(T) > priority(TR))
priority(TR) = priority(T);
}
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{Table 2-5) scheduler function in TOP

iransation_conflict_handling(D, T) {
if (D is not locked) {
Lock on D is granted to T
J
else if ( Priority(T) > Priority(TR){
Lockon D is granted to T
J

else {
T is blocked
2}

23 S8 71% (0P : Optimistic Protocol)
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{Table 2-6) scheduler function in OP

1of T,:  Iransaction number-ascending integer-assigned
at the beginning of the validation phase of the iransaction

validation_request_handling(T) {
Jor T=T, pn 10 Ty ma {
if (read set of T) and write set of T, intersect) {
Jail
}

i

return valid
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{Table 3-1) fock request processing in DPLP

lock_request_handling(D,T) {

7* Transaction T requests a lock on data item D %/

iftpriority(T) = priotity()) {

if (D was jocked by & wansaction T7)

T* is aboned;

Lock on D is granted to T;

¥

atherwise

T is blocked by the transaction that d¢termines the current priovity D;
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(Table 3-2) Protacol DPLP : data priofity processing for
transaction initiation and termination

data_priority_hundling(T) {
/* Transaction T is being initialized or terminated */
if T is a new (ransaction being initialized
for each data item D in T's access list
if(priority(T) > priority(D))
priority([3) = priority(T);
otherwise /* T is being committed or aborted */
for cach data item D accessed by T
if{ priority(T) = priority(D})
priority(D) = priority(highest priority
active transaction which will access D);
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{Table 3-3) Read/Write request processing in DPLP

Handling READ LOCK requests
read_lock_request_handling(D,T) {
/* Transaction T requests a read lock on data item D */
if(priority(T) >= write-priority(D)) {
if{D was write-locked by a transaction T)
T is aborted;
Read lock on D is granted to T;
}
otherwise
T is blocked by the transaction that has assigned the write priority of D;

)

write_lock_request_handling(D,T) {
/* Transaction T requests a write lock on data itern D */
if(priority(T) = write-priority(D) and priority(T) >= read-priority(D)) {
if(D was read or write locked by any transaction T7)
T is aborted;
Write lock on D is granted 10 T;
}
otherwise
T is blocked by the transaction that has assigned
the maximum of read and write priorities of D;

7 }
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(Table 3-4) data access handling process in DPTOP

data_access_handling(D,T) {
/* Transaction T requests to aceess data jtem D */
if{group_timestamp(T) > group_timestamp(D)) {
T accesses D;
group_timestamp{DY)=group_timestamp(T);

else if(group_timestamp(T)=group_timestamp(D)
& real_time_timestamp(T) > real time_timestamp(D)) {
T accesses [;
real_time_timestamp(D)- real time_timestamp(T);

}
else {

T is aborted;
}
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A2 F43 FPgRetE AAs7] 9§ A5
& Tew el AejsHch HelHMolay =7
(db_size)i= H o] H ¥ o] 2ol A H] = dlolH &
o 7o FAHM, vlRE ] 7| (mem_size)=
Z719F Ao /A8 F A dolH =29 gl
T} IAT(inter arrival time)+ EWALAE ] Ha =&
A7t 7rA ot RAEL Fold XS /M E
AAAe Fel(Yr) =& ) 3 ¥y 82
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(HF 4-1) M5 "ol ARZE YT
{Table 4-1) parameters used for performance evaluation
Configuration Parameters

Configuration Parameters

db_size H o] el o] = 37 200
mem_size =2 F7] 50
cpu_time CPU 48 A3t 12msec(constant)

io_time 1049 Az [2msec(constant)
max_tr_nr QAR 20

pri_assign_cost S RIS Imsec(constant)
basic_op_cost PR R LIRS 0.1mscc(constant)

Transaction Parameters

iat

EAA A AR

100msec(exponential)

tr_type_pro = @Al d g ey 0.5
access_mean HowEg 6(exponential)

data_update_prob o] o] e} 784 1] 0.5
slack_rate o A Zhe] & S(exponential)




t}. diolE #FE9 A EXe ATEZE o|ET}
T4 EdANP Z doly HId diaty, wolH
o] %" #8¢ v data_update_proboj]
A FHAAG 2 2L EFAA et 2
ERAA0] Y AN SHe9E wAEe 2
719 F9A 23X vl Lo G4 g}

ole @ A §-2 Belv|H pri_assign costol] £
A ANgdelddd. ERAALEY dig S92
A9 &9 AE FIAYFA-AeEFA 3
A& 2987 v Ao R 22 4 3l
t}. &9 Hol8 ¥5 L A FIANFH A
Zv-e deholE cpu_timed] oA AFHH, 2z
o sl dolg #FEd Hastez A7+ #EFHvH
io_timeol| ol&jA A A} ol ¥ B0 HEL Y
Ag MH A A7 g 7 F e A AR EQ
AP ewE e sHEAL dWaEs] A8 Al2dy
2] %3 EdH A9 £ 47 2o E max tr nr
of oA A ). ol g AFo] BHHALS O =
g EdAAL YA FHoE o|HEY. TREFES
FTA3A Boe) fEAM s, o] BA4 Ao G4
¢ F9%= 29H=Esr 3eiEels BTH(E
41).

5. 4= #©ot

ANZE dolE¥o] 2 A2 2AF Al
29 ERAYA 42 71989 AN 452 ¥
7187 Qfelc). z2aWLe FIgAAA AFst
3 Y& doly FEEe #2EE FH Y. 34
AlgH ol & AL 500 EHAAM 0] 39 w7R
ALEAT. A B A8 AFE7 H3d 5
43 08 Wy ol8Ede |, ol 2 ¥4 A
uEHE ME 02 34 2715 e 2534 |
¥, BA gae gFAs HAF 2PA=2 gL
Zolth. EYA Ao gt 4499 A 3t
o 95%¢) AFFE 2E G2 AN 2
EX TAHLE 9@ A5 d7E =¥ 4 F
AR dolg] ¥AEe] AFF0 Holg FFAR
9] 3% ol3teitt. 2A 2T YeAHES]
HFuehE 23 2o A (plotting) 3t ch

AF ®7t 71Fo 2= 47| -&(success-ratio) , ¥

EHMUL QI8 HIOIE PUED| T2 ATl A8 71 1208

7 A Alaverage lateness), &% H]&(conflict ratio),
AAZ vl E(restart ratio) & o] & A} 4T ¥lg
& A A FZAE HHA ERHAE $o 2
EJRA G Sroto] vl goln, HF AL nAke
A7IA X EXAAES HF A Q A doln, 25
H&E I 359 o AYE EARA 910
Hlgolu], QA2 H| &L BFE AAF EWXYH &
o} Alg EWA Mg $2919] ¥]go|r}.

51 EAM LExpA[ZE RH(IAT inter arrival time)
o Halof| e M5 T}

511 Z&F Age Ay

BN Bl MM AoE BAs] R, PILP 7]
He] ABLP 71 it A3d AAo goks Apd
£ 49A Bt olHF Ad e S MY A uhis
L3 & L4489 EYANHEL] BYATS
£9 dEelch e, PILP 7189 A%< PBLP
7199 A% FEoE vAA 2344 PBLP 712
Hip 58 24A¢9 EXHHAES BT E93A ¢
ov], oY vt Be ALY EWAYHAES ¥
drie AHdeoltt. PBLP 71 E3 2349 7}
F95% Bl &-& AA S £ =344 A<tsl= DPLP
7199 4%, 53 Edd4 287 22 AL,
PBLP 7| ] A5 Rc} 94351tk PBLP 718 oA A
Ed014R dutzle] EANY ¥4 o4 a2k
AY PolE HE M8 A8 2 FA o] i § AL
A AL Ag3= DPLP 714+ 24 o).
DPLP 7oA o|d TAl¢ FEsle =484
Atolof A yre 2 H&o] ERMAL e SHE
§l EdAde] Al 2de] AYEs] o)A, 21 vlolH
FEe A7 2 $4EY EWGHY 29
o A FHHA olAd, 2 HolH FE H2
e Aol date] X719 5L AREY ol
T FAF A5 A, e 8T EWA A0
T4 olde] L& SH& EAHo] I Holg &
5 HASE d 2 Jogod, Be 459
EARAL o9k 28502, FE /1YY A%
o] A<¢tsli= DPLP 71L& 7|&9] 7/|y¥ExHct 2 4
EHold 8AIFAMNE 4Fel +5EL o9
g vl fiti{2].



1206 SHEREHCIESE =2 X M 4T M 55(97.5)

5.1.2 Al 7kAQl =3 71y 3} G g A8
dole] 459 7R A7k eAs 718
DPTOPS] 4%5& U2 7|54 4% vastr] 4
P A EH ol AL F3E7] ol A7) oA
F e e MRS 9% 9dh HEAES F
3ot TOPH| W& DPTOP2] 4% 4L AT
vz ERAE 23 ARl BA B7] HEd
olo] tf 3 F &L AT

A 7vAe] 39 e OF Nl X3
B EANH] AE7t BolA] 7] wjFEof] A7kl
m2t 253 97t glejAA TOP 7|¥uct 4
o F4 92 Aotk i E, A7ktHe] zod,
e 2§ AZrAde] TEE = =@ AP
7t FelR] 7] wfBo] ERAL 2 dlole 5] 44
7+ SAEss FAYE] AL AT A2
oA et =43 S22 TOP 713} 79 2e A+
Z Eo}. A= AEHl 8 s £ F, A
2Fo] 2 A ERIR £H A7HA] A
gle] TOPY| tg DPTOPS] A% #4do] 21tk Al
7472 ©] 2000msec7t 5 DPTOPR tH= TOPS] A
Fol B2 AoZ veyh AL AF AL,
TOPs| M2 ERAd A £ 4594 FAglel A4
Qo] 2lEjA Rt £43} st= ¥HE, DPTOP A= o
FuUlojale] AA 4% el A F 5] o
o] TOPY A%el F& Zo|th. Exlad =3 A
237} & AL A|ZHr2 e gA gle] TOP] o
& DPTOPS] 4% #4e] 2t

TOP<| @i§ DPTOPS] A% WAL Az7i7izEe]
100-1000 msece)o], EWXAA =5 Azk27} 75-115
msec¥ o] SAEAT (E 5D HEL 9F 4
Fu1 g2 #FGdA, AHE ] W] s
TOP 7o 4§ DPTOP 712 F4EE Hao =
th Z AN7E L EWAA Rale) M2 OE F
Zd S8 A2 G2 EWMY = AA g
s HAE &5ich getuly A3 diste DPTOP
149 73 $& 4% Ads AW0E o] 500msec
olX, ERAA T & X7kt Tsmsecd ™| B4 E T

A ka9l A8 718 Aol 23§
o 32 o] aetule] Y fsta] & A5 71
E3 vz @ of 5ol FA FUth B R4 A
g dolg] $4de9] ANE AAYU =MF 7

(DPTOP: Data Priority-Based Timestamp-ordering Pro-
toce) & AW E.0 2 A TOP 7| ef AAZH S48
£ x5t A3 E AT & =8 gEd
22 TOP 7<) A7 AfxAS EHAAE
Al A7ZhAEQ] A AN AR olegos

53 52 239 =& dojgy FF 2A& A

A
HEe BAATE ol Ve Folth

{3 5-1) EHIM b AZEXR} AIZEZEE(A)O] T2
DPTOPS| M58kl (%)

{Table 5-1) performance improvernent of DPTOP depe-
nding upon 1AT and time interval(%5)

ABGAA) 20 50 100 250 500 750 W0 2000

& N7k
75

55 10.9 127 9.1 13 =34

5 27 33 69 69 14 -l4

95 12 33 4.9 33 1] 0

108 47 3.5 -12

115 Lt L1 22 1.1 =L1

125

ol of of of & o| @
o]l o] o of | 2] o
la
L
in
w
La

[]
0 0 [ 0 1 =Li
)]

13% 0 0 0 Q 0

% DPTOP 7|22 & F2 EdRl8 2
Aol A ool FAH3] oAl Alzhe w43
719 2 3#8F g vd ERGA FE $£9

W3l 42 9§ J52 el

(28 5154 (3 5202 Al7h49] 4138 71d =
g38 7ge 4% 2948 A ReiEch $3y
7ML ERAMAe] SFAA gho] & AL F,
A 2edo] eF7he] FE7t AL el ol $- FL E5S
B2} gy, B8 £F0] £& 3§, 0P 7]
e Jyo] e 71Pud Rt ol ERAY
Aol E= A7 4 wolges A%t AXF
o] AF7t F74Ed Qg 49" ok AAF
o] AF7E & A 71QF ulE YA 42F
02 AR T2 A5s e EXNLY =3
A4 AFE 7D

TOP 712 A &¥s] ¥87F & 9 OP 7|YR
o 4%o] b 2, B NI s EFAAE A
o] gl A otslE DPTOP 71 & £43} ¢
AHAR A AN SHERE FREeEA TOP 7
He AND AEg A Ast] AAHAS. =
2 EdiaA Bad] gigA, DPTOP 71¥& TOP 7]
Wel Ayd tate] 43 AHE ATt



ReF 27t RE dele YEL A vz
9, DPLP 7]®o] 2 & 7% FA 717 H5o] 2
oo % EJAM Baiae A =48 7y
DPYOP2] 4%5-& DPLP 71 9] A%} nl<sich
BH 7Y WL ERAA Eao] AN w 4%
o] £t}

olgtdl M= 4%l 7 $4¢ 3714 714 (DPLP,
DPTOP, OP)o] ulgt 4% H7t A9s A&t
DPLP 7]} & 3 71"y Fe|A, DPTOP 71} 4]
249l £M3 /1Y FeA dE AYERY o /)
FAA A%l 8 Hos FAHYY) W Fo)).

H

105 115 125

75 85 95
EWAE =3 47 ascc)

135

(T2 5-1) AlZEAQIS! GRIX| 7|Ho| EHTIM G3t A7
A el ME HITH|IE
(Fig 5-1) success ratio for IAT of timestamp ordering and
optimistic protocol

5.2 G|O|E{H]|0]~ 37| HEjof| mME M W}

2 e84 At 71ge] Aol 84 H el
Hulol2e] 7= @ FellN Med 2 AEdo)
AolA 200709 dlole FF oz wFRYL vl
F2 deledol& 27E A 2L Eda
HE Aol & HolH £& I8 137 Aol
o} HolEl o] 0] oF 3%7} 2+ EAA M 2 F
ZHo o8 5 d17d A9 Ay g4 AF
A71e 83 L FE ¥EL ATIHUG. =3
89 d¥A o]gd &2 dolguo]2y wr}
t 2 dojeluo]28] HZo] e B E(hot spot)Z
A 2 g,

ME gg &9 dolg $E4A4 71¥Ee) 4%

Im

i
rx
Ll
10

i =] M= 7IE A2 laMat 7 1207

< Hoh SA3A A7sr) Y48, dolg o] 29
A 71(db_size)= 100-1000 g o] B F2o] ¥ glo)r
AAATE o GEL Z ERHM o5 Homg=
dl o) el ¥ o] 2=9] 6%-0.6%7FA] o] W& R},

(29 5-3)-2 DPLP, DPTOP, OP 7)§dl j&t 4%
Hl& A3E Kol Fo dgojHuel2r F A9, &
BAHEL oM@ =48 71 G ao A ufgazHS
BEANTE el A7} gk 4 ERRA ) vjolH
el delgdolzo] sl FEaA EEFo
ooz, FAH ERAHEY] 2 AL, g

—

75 85 95 105 115 125 135

EY¥H4A =4 APAHnsee)
(2 5-2) AiZkalY AR J|pe| EUAM S2EAIZE
5 msjol 2 B Xl

(Fig 5-2) average lateness for IAT of timestamp ordenng
and optimistic protocols

400 500 600 -
dolehlol & 27)

200 300

700

(33 5-3) AlZkolgl Sk (e ojo|FE|o|A 27|
sl miE MZ S

(Fig 5-3) success ratio for DB size of timestamp ordering
and optimistic protocols



1208 EEFDH oIS m=E2X] M4 X 525(97.5)

9] o8 &2 FHH Az delHd =
4] 9L o, =, N2=99 HolH F5 FEo
B o, ¥ 5 ¥EL A gut

53 =AM R Halo| TtE ds Bt

ol A EHolddME, H71T ste =X A(read-
only)e} #3 EdAM] e g 2EstllA 7E
59 452 FAEY] 13k, tr_type_probe 0.0
A 10744 029 SAE wEsich 38 EXHH
o] #e v gd HHA, ZE Z2EES] HvS
o & fALECE £F Blgo] W) Wi, nE e
EJAFAEL QAN Az L vEYL EJH
AL Atol9] doje $E et 27 A9 7
271 wa), 27 dide 48 27 44 BEF
¢ 25517 2o, g7t

2o £ 3 ERA o] AT T F
aite] &b 38 volE FFE tiLFd]
dEH FAE ¥ 71U ERAL BT T
A zhe) Zrtelt). (29 54)& DPLP, DPTOP, OP<]
e HF 54 EdAA G928 FEA AT
£ Ho] ok DPLP 71¥9] 45L& gregd 23
A Mo] =AY o DPTOP 718 A¥rct 47+ §
ok w33 gL Be 50 £A0] Al W, A%
2529 7} £7187] &4, ttE 7P R o]
o}

=&
M=

4
=z
097
& ——r
0.6 —— e
—h—w

&
g -

0 20 40 60
Edd4d f

(Z12! 5-4) AlZHAolR HatE 7|He| SEM Fa Wt
o M8
(Fig 5-4) success ratio for transaction type of imestamp
ordering and optimistic protocols

6.2 E

A7kt H o] FHe Hfeoe EJYH g A7k
o] #Agle]l TOPY 3k DPTOPS] A% 4de] ¢l
itk A|7r7FZ o] 2000msec7t ¥ DPTOPY TH=
TOP2 Ad%-o] F& ZoR Ve Al7k7HE o] #H
A A%, TOPI M= ER L] A AL
o] A|Zh4Qle] ol& AT A FShe Yk, DPTOPS
e agWeae dA7r 490 g &4 5
27] wEd TOP] Al-o] £& Ho|cl EdaA
& AR E A e AR #Agle] TOP
o th ¥ DPTOPS] 4% F4del gtk
" TOP<| gk DPTOPS] 45 F4L A7H7 <]
100-1000 mseco|w], ERANA & A737t 75-115
msecd o] BAFHAT ZF N3 e EFdAL
g NZ T 45 d¢sts M2 e sl
& A7k} ghel diele] H2EF A5, DPTOP 7
Hel 7l 28 A% A A7HE gho] 500msec
o|3, EHAA xa A kA Tomsecd o] B4 = 31t

NZHAQl £A43 71Ee AEIHolPdM A9%
e gelue ¥9d dste g o8 7Y
3 dlug o Ao 4 ¥Uth B =AM
Agrats deoly ey 71vE Adag] A8
713 (DPTOP : Data-Priority-Based  Timestamp-ordering
Protocol) 2 Aoy 7=e Nzr49l oxs
AEe A7 $AEAE EPHE EHES A
Ak AEH el A5}, TOP 71'g el AA 7 Ag=A
£ EIRDATA ANkA29] uiFA] AAD} SHE
g ol &Fozy 53] & £5g 22 dolH &
Z =AM AEe FAIE Aol Msde 8
s

B =FdA Alctdle EJAA =435 ZIYPEL
o] 82 9T A" FHAE HelguelX &
g A& oyz JE5o] A& AF ¥4
£52% £ 9L Aoy, B4 A A7 -2
9 ERYH M2 E o} = ARl 849 7H5
g Aolm g old diF A4F¢ Art desicie
£}

gned

dn



(1 &4 &, ojA4g, 94x¥, 489, “On the Con-
currency Control and the Interface Design for
Collaboration-Aware Applications,” A2 3]z
€A, S8 483, Vol 3, No. 3, pp.
631-639, 1996. '

[21 &4, oA, e, “Hole] SME9d 7]
2% EWRAH 45 7¥e Ag 2 AN
DBMSA 9] 4% Hlx A7, FrA=TA,
dx g wAess, Vol 3, No. 4, pp. 830-816,
1996.

[3] R. Abbott, and H. Garcia-Molina, “Scheduling
Real-Time Transactions:A Performance Evalu-
ation,” 14th International Conference on Very
Large Data Bases, pp. 1-12, 1988.

M) L. Sha, R. Rajkumar, ). Lehoczky, “Priority
Inheritance Protocols:An Approach to Real-
Time Synchronization,” IEEE Transactions on
Computers, Vol. 39, No. 9, pp. 1175-1185, 1990.

[5] L. Sha, R. Rajkumar, J. Lehoczky, “Concurrency
Control for Distributed Real-Time Databases,”
ACM SIGMOD Record, pp. 82-98, 1988.

[6] R, Agrawal, M. J. Carey, M. .Livny,
“Concurrency Control Performance Modelling:
Alternatives and Implications,” ACM Transactions
on Database Systems, Vol. 12, No. 4, pp. 609-
654, 1987.

[7] H. T. Kung and J. T. Robinson, “On Optimistic
Methods for Concurrency Control,” ACM TODS,
Vol. 6, No. 2, pp. 213-226, 1981.

{8] J. Huang, J. A. Stankovic, K. Ramamritham, D.
Towsley, “Experimental Evaluation of Real-Time
Optimistic Concurrency Control Schemes,” 19th
International Conference on Very Large Data
Bases, pp. 35-46, 1991.

[9] L. Sha, R. Rajkumar, S. H. Son, C. H. Chang,
“A Real-Time Locking Protocol,” IEEE Trans-
actions on Computers, Vol. 40, No. 7, pp.
793-800, 1991.

{10) K. G. Shin, “Introduction to the Special Issue on
Real-Time Systems,” IEEE Transactions on
Computers, Vol. 36, No. 8, pp. 901902, 1987. i

EU|MS 2[5 GO PHES] 7(98 AL £M3 71 1209

iy

(111 Y. Tay, N. Goodman, R. Sur, “Locking Per-
formance i Centralized Databases,” ACM
Transaclions on Database Systems, Vol. 10, No.
4, pp. 415-462, 1985.

(121 P. S. Yu, D. M. Dias, “Analysis of Hybrid
Concurrency Control Schemes For a High Data
Contention Environment,” IEEE Transactions on
Software Engineering, Vol. 18, No. 2, pp.
118-129, 1992,

[13] M. Knister , A. Prakash, “Issues in the design of
a toolkit for supporting multiple group editors,”
Computing Systems -(The Journal of the Usenix
Association), Vol. 6, No. 2, pp. 135-166, 1993,

[14] P. Bernstein, V. Hadzilacos, N. Goodman,
“Concurrency Control in a System for Dis-
tributed Databaseds (SDD-1)," ACM Trans. on
Database Systems, Vol. 5, No. 1, pp. 18-51, 1980.

{15] P. Bemnstein, V. Hadzlacos, N. Goodman,
‘Concurrency Control and Recovery in Database
Systems,” Reading MA, Addison-Wesley, 1987.

{16] J. Huang, J. A. Stankovic, K. Ramamritham,
and D. Towsley, “On Using Priority Inheritance
In Real-Time Databases,” 12th Real-Time Sym-
posium, pp. 210-221, 1990.

{17] 3. R. Haritsa, M. J. Carey and M. Livny, “On
Being Optimistic About Real-Time Constraints,” .
ACM SIGACT-SIGMOD-SIGART, pp. 331-343,
1990.

[18] J. R. Haritsa, M. J. Carey and M. Livny,
“Dynamic Real-Time Optimistic Concurrency
Control,” 11th Real-Time Systems Symposium,
PP. 94-103, 1990.

A #

ol eEtn A F

3 (F5HAD

19843 29 AFUgw AgF
EF(F-8H 4 Al

199611 84 olFdigtm AgF
B2 &AL

199233 89 EFAaAw 7eA &

A5

= Ho

1982 2



1210 SRHBN2FD =B X W4T M 5= (97.5)

1995 19~@A o33 R A gy Hd
19863 19~8A YFWAFALTE HAPLTH
(FEFE 7D ZelvifojdTR)
FAFor: 2FA, S/W T, AN 2, A
Uy &

ZH =
19851 s ALEA
(o] &4}
1995 KAIST A8t3(F5
A AD
19959 FHEAYNsALHASF
19874 ~1988 X FEFAH
(F)ARA YT 47
19883 ~3x |IAATHATLE FEnjdedy
B AQATFH '
Aok ALHYENZ, T25F T8, 2F4e,
24 delnjde §

4 K 2

19913 <HEwjEtn daEAT
(o] 8 AT

19933 ABoistw i ghg A=
A 2830 g4 AP

19933 ~EA TFAAFAAT
2 A74

A 2ok CSCW, Visual Progra-

mming, B E ] }e]

of M <&
1988 29 AMguistw E&%t
(o] gD
19909 59 The Johns Hopkinsg
Univ.(e] 84 AD
19943 84 The Johns Hopkins
Univ.(o] &49:h
19943 129~@A BFHEAF
AAFL AlZedo]d T4
TR RO 1o, B4k, S/W F3

of £ #
19883 AMgugE AgFEsd
(2

19903 =Hehgd AVEFIHAAY

19909~d4 FFAAFULT
& Azge] @74 4
4479

4] Fof:Distributed  Object-Ori-

ented System, Object-Oriented Visual Programming,

Event-based Programming, Machine Learning

= A &
19774 29 F4dgw A3g
I =4
19773 ~19833 S A235H
#ARE A0GD
19833 W stw gl
AR AL
191 3~FA FHEoighE g
AL e A
1982d~d4] SFAAENATL AJATFAGEF
B gene]ejd TR Azl
Ad+4) .
Z+4 B-of:multicast transport, distributed system archi-
tecture s




