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A Proposal on Data Priority Based Transaction Scheduling
Algorithm and the Comparative Performance Evaluation
in Real Time Database Management System

Seok-Hwan Yoon ' - Jaeyoung A Lee ' - Chee-Hang Park'

ABSTRACT

It is possible to prevent deadlock if the priority which is conventionally given to transactions is endowed to
data items and the transaciton with the highest priority among transactions accessing the data item is allowed to
proceed. Based on this observation, we proposed a Data-Priority Based Locking Protocol(DPLP) and evaluated
its performance against known locking protocols in Real Time Database Management System(RTDBMS).
Transaction inter-arrival time(IAT) was varied to determine success ratio, average-lateness, conflict ratio and
restart ratio. In these simulations we verified that the proposed DPLP performs better than the other protocols.
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(H 2) T2EJABLPONAIS] AFIE ] B
(Table 2) Scheduler function of protocol ABLP

TR lock-holding transaction

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

}
otherwise {
Lockon D is granted to T
J
]

(¥ 3) Z2EZ PBLPOIMS 2AE &5
{Table 3) Scheduler function of protocol PBLP

TR lock-holding transaction

lock_request_handling(D, T) {

if ( D is not locked) {
Lockon D is grantedto T

/
else if ( Priority(T) > Priority(TR){
Lock on D is granted to T

/
otherwise {
T is blocked
}
}
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{Table 4) Scheduler function of protocol PILP

TR lock-holding transaction

lock_request_handling(D, T) {

f(TR=NULL) {

Lockon D is grantedto T
}
else {

T is blocked

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

Priority(TR)=Priority(T)
#H

(E5) Z2EF PCLPOIAS] EMIYM 2|AE
{Tatl 5) Transaction list of protocol PCLP

dolet & Dol Y2P A RAES Bl AE

Transactionl(ID1, Priorityl)
Transaction2(1D2, Priority2)
Transaction3(ID3, Priority3)
Transactiond (D4, Priority4)

Priorityl > Priority2 > ...
24 €919 ceiling & Priority] ol .

(E 6) ZRZER PCLPOIM S| 3 23 XN2| 2F
(Table 6) Lock request handling process of protocol
PCLP

lock_request_handling(D, T) {

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

Lock on D is granted to T:
;
else {

T is blocked by TR;

¥ ( priority(T) > priority(TR))

priority(TR) = priority(T);

}

71 f18A, Al=" Ud] e ZE FE9 dHolg ¥
o s e 49 FF L B3 Qe ERSY
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TAeHe) EdQAA] CPU 7| o TE3l7]
ANAE CPUZL A2 e Aold. CPUZ oJH E
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FolE 2 Qe Aol

3. djo|e} RHEol gt HF Z2RER
(DPLP: Data-Priority-Based Locking
Protocol)
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AMHe FUdd $HENE ety /R EG
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sl §A 9} oloe 54 dolg FEd HIE
233 ERNAL IS MY E9HE
o] gt} o] FAEE EAHRA SAE 4 7o
Ao don, 713 52 $HEH EWAA0
dolet 29 $H+-HE AV o] AEEE 2
71314 ¢} Bl ERA o] A3 Ex 7€ do] &
AZdo] o3 At EAYA 2 2E7} H]o] Q]
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(F 8)o AAE AR ERAYH FF £H|
ZZEZE DPLPY 9slM Aelde A& BY &
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2 &z 2 A8 471 A8 e ERAA TY ¢4
4%17} D9} $ A&} Zotof dot. F, D9 A9
A& AYe A 5 Ue ERA o] Hojok &
the Aot TY $4497 Do S4&AET 7
o9, Te B84 9.

(ETDZ2EE DPLP: X713t % EMHM FE Al 27
Z2{oll oj#t clojet M = Ma| 2
(Table 7) Protocol DPLP:Data priority handling by
scheduler when a transaction is initialized or
terminated

diolel B8 De, H 22E° DE TN
T DY $AH&ENT 32 $HEHE A MEE
EJAAA T7t A2 S83A D] SHCHE
$A3% o, EARA T'o sy FFHAA F
Ak Tk T7F Dol 28 €27t A& Aol D7}
T'o o8l Ao} A, Te $H4E97H T’ -
A&Edro & 39, 22 $4&9e 4L
T'E E78x 32 T7t Dol 45§ devh &t E™A
MM fUF S NEAE Zevde ML, =2 F
M&9le) ERAANLE AT G $ ML) ERA
Aol oa) BYA=A k7] ol &, Z2EF DPLP
7} 22 ek WHA] € cHdeadlock-free).

(E ) =2EZ OPLP: E3 RY Xa| 4H
{Table 8) Protocol DPLP: Lock request handling process

lock_request_handling(D,T)
/* Transaction T requests a lock on data item D ¢/
if(priority(T) = priority(D})
if (D was locked by a transaction T')
T is aborted;
Lock on D is granted to T;
}
otherwise
T is blocked by the transaction that determines the current
priority D;
}

data_priority_handling(T) {
/* Transaction T is being initialized or terminated */
if T is a new transaction being initialized
for each data item D in T's access list

IKpriority(T) > priority(D))

peiority(D) = piority(T);

otherwise /* T is being committed or aborted */

for each data item D accessed by T

IKpriority(T) = priority(D))
priority(D) = priority(highest priority active
transaction which will
access D);

Z2 & DPLP: H7)/27] 35 ovges &
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(E 9) Z2EF DPLPOIA 8471/47| @82 *2|8l= &X}
{Table 9) read/write lock request handling process of
protocol DPLP

Handling READ LOCK requests
read_lock_request_handling(D.T) {
/* Transaction T requests a read bock on data item D */
®priority(T) >= write-priority(D)) {
(D was write-locked by & 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 item D ¢/
if{priority(T) = write-priority(D) snd priority(T) >= read-priority(D}) {
XD was read or write locked by any transaction T°)
T is aborted;
Write lock on D is granted to T;
}
otherwise
T is blocked by the transaction that has assigned
the maximum of read and write priorities of D;
} -
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. 9 dHojel B0 nid EANMY HZ 2aY L &4
3 g ol 287 2 §E9 $HEHTo ZAY

s B & 2AEY qAZA L 08 Hoje 35 &

/

H&99 P40l Hzth), EA4UL Holg
289 A9olT voler 2 2] ofs) BYZA.

4. AlE¥olM 25 ¥ &Y

Al gdolte WY E 2l 2AE T3 Yo
o, EAAHAE] o 2709 FRE 224 Ad &,
CPUS} U2 & X¢si Atk 2L 5709 +4
S4-EJRAN A7), EJAA Ae7), 2AF8,
Wy #27), Adge |z FAHAY

Transaction
Generator

EdAH 2471 EAANY THRIYE A
ol s, A9 Hetulg ghe o) §3te] 2 E
A9 Yu), npAZ, Holg Y2 JAEE F@
o EAAA #rE EANY 24ASES Wy
N7l s EdAAEAA QA $HEIE
BojstE e £33 A A2d) AU 7
EQAPL vpAI ] YA Aop 2o
#5o] At} T2 EE PCLPY 2 E& DPLPE A
¢ RE EAAN 2AZY YaZEAN DA
£, 242 AAAA o] 837 A /LT R
24 vjzAIZEo] ol £ K E U], ol& Al2do] A
E EAHA o8 MBPEG 2 EARNL 749
oA o] ol FUY SHENE Rof WET)
Wiz APEA g @, H% FE DL
7t ERAM] $HEYE FE P BN F 8
o 2% oEAE 7H) EdAMo] 28X gL E
BAMEC B SHENE 2 Wao] AR}
78 niAZHE ZHe 209 ERM M) giaiA e A
2do) & 0 U4 AYY EVHNHo] BT} L& $
AEE A Bt ERAMA vpARe A5
olth. &, 2 EAMHE F7)9) ApPAIRE WG
SUBE, ¢4 A7HA $YEck 2 EdHuL §
¢ dlolel #=Zof tiste) st o] 4ol wlojEhu o]
2 AaHY 7 /27)E SR B

EJMHNES ENF dojg 2 23L& 2AF
gl o8 EAEG. AAFHE $Y9E SIS
of 2A delg F2& M8 dh EWAHY
A aye EdAMe AN $AES o 7w
o, 54, g7, & X7 €. A2 aYo] a4
€ A%, EVALL v uo)q P Hojel
#2¢ glog @} Wolels} vl v ZElof Yid,

(38 1) A8 24 % #H
(Fig. 1) Simulation model and environment
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Ao AMHFE A2, T )T FY87] A8M=
CPU Av|2g AFste ¢ vk CPU PHE3}
A&y YU & v} ERAAY HA} SN
71wrgte) FA o] ok A o $HE9 2AF
2 (Preemptive-resume priority scheduling)& CPUd]|
o8 o] 8Hth &, Bt} & 2HEHe] TapAE
Ho e A6 T2 AP, B @
& $AE9e ZeA2E CPUE 7IYele Bt &
2 A ZaLT UL ol oA AlZHE &
Ak A W4 ol x, CPUE #E 3E9 A
2A B2 108 A% EAK] oJ8)r] da)=(release)
2 # Ao 99 BeviEHe A9 Y43 34
&g AAss] dsiA ol gdrt. doletwo]29
A7)(db_size)e © ojetu o] 2o 2G| U H o
E} 50| Afel] FAHY, Wil e] 37\ (mem_size)
= F719 X A" U volE 59 A
el IAT(inter arrival time)e ERANME| HF

=& A7 HFolt}. 38L& ¥ol4 B ¥(Poisson
Distribution)& 7} @}, EAA A 9] Yef(read-only
EE update)e 3 o) $8L A3 vy
tr_type probg oj8-siA WAHEHA AR} ERA
Ad siM FIH e diolet §82) AfE et
¥ access_meanol] oA AP E}. vlojg} §Eo
Ayl REE AF BEE o]8rh. 23 EAAM 9]
Zt diolel HZo Wiy, diojet 8o £HY &
&2 ni2}ulE| data_update_probol]l o|s]A A& At}
2t 2E EWA ] thdio] 1 ERRAN| fUdg
AL $HA¢HE WA st 27)9) CPU ¥ go) %
A,
olgi ¢ Azl v &2 HelulE pri_assign_costol 9
g Algdold At EdA M S Y§ CPUS IO
A|Z+& CPU-IO overlapg @437 9@ Bxog
B2)so) 238 4 Ak shte) dlojgl $EL =
813 CPU A1t 92tulg cpu_timeol] 2sjA =
A, 230 Sl dolg FFof ke A7
& vebul g io_timeo} o|jA Fa| A} o) & e}
YHEL 4AT Mul2 X7 2 7§ verdg. A~
HAM ERAHY o8 H9) 7ML Awsr) 9 -
) A2 e FFH P F A7) HEv)
Bl max_act_trof] oJ#i A Afdct. ojeis Ao &
AHYE W S2E EAYAL JAHo2 oA
th Z2EZEL FHAHA H71E7) d8ME, A9
FAA Aol AAES £y oY A=yl 2Bl H
ojof g} £27h AQsE 2de TS A4 A
g v &g 23 o
CFE AP EXAAY g9 98 AR H2
85 Ato]o] & AR
- g idolel B FF L Y53H= A
- EY:dolel B QF AIFE F= A
+ A 74A]  wait-for graphol| Al o] 23FA e} 7]
- 23 HP:ZAYARE HAY
- 2E 22:FAY Ao B0 o5 2
P/ 2E9) o P AL AU 4
Ag ol 23 A& A FAHE WFG
(wait-for graph), T2 EZ PCLP|A F3 € ©
oje} ¥&el AL AY Y2E, X2 F
PCLPS} DPLP A 7 tholel 882 98 #3)
He ERdA gl2e8 ¥ et ok
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E EWMA ol el 4P Y EANA
ztzbol] tjdte] ERAAN G HF HEEE F
H3HZ, AFste ERQAA A9 97 A¥s +9
g EXNNE Ztzte] &7 JF Abolo] FF

A a4xg HAse )
olg g EAA Aol ANEY A7 gL JEH
ol AAEL Yoz APHr) 7|8F A
Aol e Hole Iz, solE 84 g 4, oW F
e ¥, BAE 929 ¥UE AP Fo| XiE
. BE A4 Ao ARe F719 FA AR
o 9tz MR FF TZEFS AF FE A
A 4ae 278 volg §5o] ojn HAHAEA
o B g AR AdA Holg F2E FAY
T2Eg 2 A A FdA, HelE F
Z Q4L FF 97 ERYAF diojet 59 4
498 47 984 F£98 = U 283, Hols
dze oA&y vz it oA Y Hoi
{iﬂ &M3 T2EFY A9, £ A3 AP

r

n

l.

& a7d dolg BEe) A7 29 gAY A
He 1 18 #= Ave $992, A7 EAA
A9l A 2908 7 dolet B89 A 23 ]
27 AAE N A2E FIVT I EY
Aue dole B2 FF & 2(lag)d 4H/AA
A 87] ANA HolE 84 3% 4% AV FYE

o} 234 A E, WFGERES ARE 947 9
e B HolB X A4, 2 AolE &
A2g o EIRA 2§ W3 ES HZ37] AN
e bin Q4g a7t RAYH 2T E 3
257 48 E, HolF WA el AL $HEH E
WM Mo X7 Er). & 248 BFHE f2Ed 44
3t7] A e, AYEE AYEI] AT g v
Az} 2 84 2 A AQUs] A EAH
44 dio] Wasdi A4YE A 2ERM AT
g A2g 27 AdAe old @Mo] ojfEH. &
59 J2EZREH @ 248 A3/ fMe @
g g% v A4} AAE A4 EUE 4 A
Aro]l Wasdit) AHg/AtA A4t EF HEAY o]
$HE 2 2E abe) 7 H WS B
71 f18lA HeolE F2E F

Y2e/af T FPE ¥

rg“““

a9 Ace A=

Ej/aegze) o]z &, 29 Ul 2 ERAQA
&e) A7lol g8 Uk 3B ZIEZNME, &
EAdAA) AF @A Fol, F7i9 vole g
25 8247 2AYL B985 A, o] F Hol
e AEe 2AANA AF H2EE FYP8c. =X
UdvgEe go v g4 ¥ag vk ¢ ED
AL 98 £98 AF H2EY AFe AT
ERAAM 2ol ZEHY T SN ERRA
ol 2ot AZ dAE7 £ A ERYLE P
7] 9 A ozhe] elo| & Fxot vl Aibe] £YE
gast ok 718 Aae) 2zhg F£383e v 8ol
g Mz g v sigy 7P, 718 A4 A
2 v)]82 &ube] B basicop_costd ASH
o2 ANEH)A At

g} g slack rates M2 EAA Mo vl
7+ WA Y u) AgslE geluieolct. @ EAAAN
o] o f A|7+e HEtulE slack_rate A7 F, EXA
M) 2RE A A HEg 7 AFEERY
B 23954 Ads o). EXRA 77} v
ZAZHE A o), ERAQ M Ao YA E
AHeEE W, e A2d Al A A7
Ane @ Ayo| L Fairtx Mt ERAA
TS w7 A7+ 29 F4o) ofs] P&

deadline (T) = start_time + processing_time_estimate (T)
+ slack_time(T) 4.0

2 (4.1)o]- W4 slack_time(T)2 slack_rate$} pro-
cessing_time_estimate(T)e] ¢ 2] 4=¥(exponential)
o], processing_time_estimate(T)2 CPU_requirement
(T)¢} 10_requirement(T)2] gtolt}.

items(T)7} EAA A Tol| o8l A2 dolet ¥
B 44 A& vepit 33,

CPU_requirement (T) = items(T) » CPT_time 4.2

queryst 53 EQR o) s Ne 242 et ol
Fo) 21},

10_requirement (T) = items(T) *(1-mem_size/db_size)
*io_time “.3)
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10_requirement (T) = items (T) *(1-mem_size/db_size)
*jo_time + w_items (T)+io_time 4.49)

w_items(T)& Tol 23] $AH€ vlolet ¥52 4
Al g oo

5. 845 9ot =

2E ERAN 2AEY 2AdF FF5HA A
26 37 2 EANA metv|E gho] (R 10 A
AEe] ot e MEEA] g @ oJES AE
go]AA ALEHE eI olEL 53 dojeh
o]2g A& olA BT r¥ RAo) ojx, ¢2
2 & Alolo] AAIZ AFde Aol HE 83 BF
37] $ist] A9 K3 2 dojg & FHE W
Z2]717] 9i5ta) Ad g wedu g FEoltt. 2AF
Y GRAFEL ERAYAE Alol9 Holg F2 #
S AAY doff Ao|d Hol U7 W&, e
Z A% B4 NN 7t FL PP e A8
2E Aol NEH NS AA e Aol db

_size®) Zto) AL AL EMRNAME Apole] fdte ¥
& AR 3E FTE AT A8 2E AL B
zd2le 9% fRolot olgA & dolguolx
v 2Y o 2 dojehol 29 7HF AF FHIHE
RRozx 7889 4 Ut} cpu_timed} io_times| Ft
L A&l 713 o] 33 CPUSH IO °| 82 &
A7) 8 Aot $37t Qe A2ddA 7]
g5 e 10 o) $ 2(U)E &3 o] Aldtad.

r

o

1 mem_size
Uio= it ® -mean=(1 - db_size

)*io_time

+ —l? saccess_mean* (r_type_prob*data_update_prob*(lime
ia
(CR))

A e A A P& U2az e doletd 9
£ R d$HT, FUA g od EAANY 5
A A71HRD 4 AHgE dolepmolad e
Aol g€},

237t Qe AARNE CPU ol E (Upde
98 240 o8 2H A,

1
epa = * access_mean *cpu_time (5.2

A EHOlAHAl A2 € AT %) Y A2
AA & £& CPU o] §59} 10 Y3 $Z9) 4
€3tk #e}olEl basic_op_coste @] A4 Ao
AAE JgEAM ARHE od JEHQ Ano)R
EFRY 5 AL HAER & ol A AL

AEdolHE 7t Z2EZY EHF yolgrz
(FA£E, 2R X)E §x13} FAA Aol 23 9
& o] &3 BE dolel 72 F/1ARA o) A4
ol AT FHHE7) A Eo, ojEd] P HIL A
EdolAY A S d2Y AL THHA %h:l:}. a
Bu, e AE/aZe) diF o Ao Mz v
< ko] AollA AME d9E W2 3o,
ANEHoIH Z2aY e dolg 38, FF A o
7133, CPUS} 109] t)7)8 & 2o, CPUNA 9] A
2 A4, 923 109 A A2 A, ERAMM) ¥
/A Z, 2deld 2gE RE FAA o] 9

Wesg

Y 3A) Al g o] Aot

(H 10> 85 Holo| ALSE S
Table 10) Configuration parameters used for perform-
ance evaluation

Configuration Parameters
db_size EREL BEEE 200
mem_size EEEEY so 7
cpu_time CPU &2 A3t 12msoc(constant)
io_time 10 24 A3 12msec(constant)
max_tr_nr EEELEE S 20
pri_assign_cost ES T ELIES Tmsec(constant)
basic_ap_cost 718 Al 4 0. 1msec(constant)
Transaction Parameters
iat EAAAS KNI 100msec(exponential)
Ir_type_pro L EELED 0.5
access_mean EEE 6(exponential)
data_update_prob cjojeb g 4lv) 0.5
slack_rate EERETE S(exponential)

A7 dojEtu o] & A2 o) 2AHE AgH oA

2de ERAN

2AEY ¢2YFE

o A7 A4

& Wt o o] 333l dolehw o) 2d e 2}

ERER S XS

22t A gdoH B Zeade
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g F714 32 43313 Qe dojg gEE 7
ZEE 3@ +9d 4¥ 2 RUNL 500 3
Aol +Y8 g7x A&HAUYG. AEHolH A
g AF7] A8AM 593 BHE Wy g o) gsie
o, ole 7 F4& M2 dE d5 2713 W4 (seeds)
2 2584 J(un)@d F, B4 Y7o JFAg 4%
FAAE gote Aol £Y3 BF9 71}
AYE A dsled 95%9) NFFEL Fargt
GE9 oM 224 FAHoE Fd Ay 3
& =gt 4 FAH dojgl QB9 AP
Hole A3 A9 3%c)stelt}. a8 aY=ee
A5 A Bt E2Y(PLOTTING) 3¢t}

4% W7t 71E22= A Fu) &(success ratio), W
o A Y(average lateness), &5 H]-&(conflict ratio),
A A2 B) &(restart ratio) o] &3t & gL
oA AR AL DEAN EJNA £ 2 E
ARG Fote] v oo, HF AQL vpHAI L A
714 X% EJQHE HF AQ Agoly, 25
H &2 Aed ERAA 9 #3E 25 A5}
o] vl &oln, A2 v &L MW EJARA A4
H2E YA 2 ER A AF}o) v gojrt

o . ofl o
Sooooo
NN 20O —
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[AT(msec)

(38 2) 33 T2EFWo /AT Mol g NI2H|®
gt
(Fig. 2) success ratio to/AT of locking protocols
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Ao AR o] RHEL 0.96-0.539) 10 o] &
= BFRTHA 5.1). AlgH ol A HAed Hetn)
B gtEo s CPU o] &5 10 o]&x7} A

9] 7+& gholith

AEHoldel M d& Asts Z2EE PCLPY 9
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2&A e ZTEZEE ABLPulA =2 & PCLPR
e F2 A58 2o £t Z2EF 4YA 29
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< AAE WA $HE 4P BEY #39
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B =2dA AMdste A2g TREEF DPLPY
Hee, 83 ENAAN Byt & A5, T2EE
PBLPS] A Mt} $-43t). T2 EZ PBLPAA A
BolAE drite ERAMA X9 a0 w2
A4 ol A2 2ASYA AE 8T A g @
AR A& AqY3te T2 EF DPLP 28y o
g & Ao X2 EZ DPLPYA & ofd 9 3
E3le EWAA AoldN e $HES S ERA
He L $AES ERdHo) A2 1Ysts)
olAof, 1 Holel §E o] LHNENA L $AES
ERAMA] Ao M FAET] o, 2 dle]
e} 322 Hade Fo daAMRez 79 7}
AL Agdrt o) SEF F 4o dEAM, ¥
SAEY EAAPY £3 o] & $MEHE
A Mol 2 volel 2L 2P o 23 I
o9, e $HE&9 EAALL X)ET)

1.1
1 —p—
gg ——rir
s o
Gl 83 i
€53
0.2
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0 v v

7 85 95 105 115 125 135
[AT(msec)

(28 2) 2 T2 ES| IAT W30 W conflict-ratio
ANt
(Fig. 4) conflict-ratio to IAT of locking protocols
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(Fig. 5) Restart ratio to IAT locking protocols
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