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A Study for Time-Driven Scheduling for Concurrency Control
and Atomic Commitment of Distributed Real-Time
Transaction Processing Systems

Jinhwan Kim'

ABSTRACT

In addition to improved availability, replication of data can enhance performance of distributed real-time
transaction processing system by allowing transactions initiated at multiple nodes to be proecessad concurrently.
To satisly both the consistency and real-time constraints, it is necessary to integrate concurrency control and
atomic commitment protocols with time-driven scheduling methods. Blocking caused by existing concurrency
control protocols is incompatible with time-driven scheduling because they cannot schedule transactions to meet
given deadlines. To maintain consistency of replicated data and to provide a high degree of schedulability and
predictability, the proposed time-dtiven scheduling methods integrate optimistic concurrency control protocols
that minimize the duration of blocking and produce the serialization by refiecting the priority of transactions.
The atomicity of transactions is maintained to ensure successful commitment in distributed environment. Specific
time-driven scheduling techniques are discussed, together with an analysis of the performance of this scheduling.
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o ol B B FE 2 3904 &€

=4

2 EZR 1 wmAbE HE
for T in Start(T; ) < Ts(T,.) < Finish(T,,) do
do
if Ws(Tiw) n BS(T,,) = ¢
if prier(Tis) > prior(T;;) then /= I 1-a =/
for x in WS(Tis) n RS(T, ) do
if update_t5(Tis, x) > read_ts(T;, x) then

restart Tiy;
else /% prior{Tis) < prior(Tei) @ 244 1-b =/
begin
HHS(T) N W8(Ts0) = /¢ gba] 1 2/
restart T)
else /2 ¥S(Tiw) n WS(Tyy) = ¢ */
for x in W5(Ti.) A RS(T;)) do /= &7 2 &/
if update_ts(Tiy, x) ¢ read ts(T;:, x) then
restart T;::
end;

end:

(32 3) =2 (&A= AZ)0| Hst 2oals
(Fig- 3) Algorithm for condition 1(sequential validation)

2t 1-b. prior (T; ) { prior (T; )

AL

WS(T, ) N W(T; ) #g9] A7t 9z By =
Tt A% dlo18E T; 0] WA AA&A He 3
$olE AA 27 (overwriting) WAL = ¢l5te] ©o]
Bte] 4340l BAEA gt nEly 72 Ags
28] FEol AR Ao 24L&} wrds
T;°l 4] 481

e

WS(T;, )N WS(T; )=golZ WS(T; ,) N RS (T, )
#4 B4dE TEo) ot 299 g olg} xof 3}
* update_ts(T; », x)$} read_ts(T; ,, x)7t HlZ @}
update ts(T; x, x) read_ts(T;,, x)1 2% ¢ 449]7}
xLe 1ol SHe=97) e T; 7} A48 doje} x
E BEF Aols] o4 T =T 5 A &
HEH €49 AN @A Aok w3y a9
7HRE T2t A48 HloleE shtals £ 495
EE T 0l ST B 9olE AF @AY 34
49t}

19 39 e FolA @A 13 vA 27} 71ed
o o] F AN HasA ge T 2 +4¢97t
W2 Tt BAs) oA wlolelEe WA BEH
ZAgolmg T, =T 489 £M7F Y=Y o= &



1426 S=EEM2|ES =2 H3P X 65596 11)

Mg s XA Ak webM o] HLe &
8 M7 B2 T 2 A4S eAdA HaE 2
a7t it

=2 2. T 0l AF 2A DY) <)de T w71 A
Z 9A¢ 1A A4 A4 wPF AF 2A¢A
9] FF AL WS(T, ) N RS(T; ) =gol T2 E 29
© #F=x). Zev} FEo] FA WS(T, ) NRS(T; )
#¢e B SAede vE Aspel FARI]
e uAqsd T 9 4 477 A=Y 29 4
A oo =g GaelFe] 71+ard.

e 2 2 BNA FF W
for Tix in Finish(Tix) < Finish(T;1)
do
if ¥8(Tie) n RS(T,0) = ¢
if prior(Tix) > prior(T,) then s# ZHE 2-a %/
restart Tt
else 7% prior(T, ) < prior(Tiy) = 24 2-b =/
begin
if WS(TiW) n WS(Tod) = & 7= THA 1 %/
restart Tj1:
end:

end:

(%! &) =2 (8 HE)o tiE deiE
(Fig. 4) Algorithm for conditon 2(parallel validation )}

B 2-a. prior (T, ) ) prior (T; )

SAFEY FE T, 0l A4HA Fedd F 24
ARE 71 A &ME T, »T 7t 59 49
&AM ¢ AR A @A gr A A e
Fas APs £ € Y8k T2 FA ALdTh

2P 2-b. prior(T; ) { prior (T; )

WS(T;, ) N WS(T;, ) # ¢ FA 7t 94 sotdct £
718 ARE e HFo| 2AF Aed= FY 9]
Bl Ui AA27] Yol ZAFNEZ doletd 4
B4 BAL %] 2HEAT BL T 0 FA A
A9t & WS(T, ) N WS(T; )=¢¢1 Aol
T; 9] HE A3e] T; (8 715 Q35 A4 £
A FIH A7 HH] T =T 28 A7 A
Agnh ol $4ER €A dXFHRE T; 0] A
4% 997} Qv
o olsh gro] B AN ERAM A A XA

234 1 (&3 3% 22 20894 23 T, 0
AE =2 1604 ofn] 287 HAAHL AF B4
7t Al ERAR LS ddle Agder A%
ol YAt 9 = 3(FAH FF)2 T 0l o
A 25 delelzt A =0 Yl 297 HFo
FRE ol ZA R dole}rt EAFE =L o
St = HE HFHo] Y 94 AFo] =E
=E9] L RepS(T; )= 29 Soll A Brlgct =
A 3o M= FAGE S5t U2 =EE52RE T,
o g A5 A= ko 4% A= 18 59 ¢
HEFA reply 2 B7|E)7F 2F TR AL) =
AR T; .0 TE AAHA AA4e] nAdT. =
ARHE F=E A= T, 434 5 A44E BAg
Holels T3 A v AFAZAS T}
o # 5 Hole AejAe AHNE A2 doleE 4
FHLE 7158 28 T, o dE AF Aot
FH2HYN Aol EdBA AT, & 24 3
2810 of AMdE Y kxs) AHE FrET

valid=TRLE:
for node k in RepS(T;,) /% =71 3 =/
send validation(BS(T;1), WS(Ti1)) to node k:

for node k in RepS(Ty1)
do
receive reply. from k:
if replyx is NO then
valid = FALSE:
end:

for node k in RepS(T;.)
do
if valid is TRUE then
send comit of T;) to ki
else /% valid is FALSE =/
send abort of T;) to ki

end:

(% 5) ¥ ZE Aol R BEE & 4aE
(Fig. 5) Algorithm for atomicity in remote validation
phase

U 3 T 9} T; 00 AE E X kel [6]A] FA4)

AT dAC AAF 3429 29 @ FD) $4de
A HIE Azt met Ha 77 FFEG T, 0] A
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il

Az olert 9ReHE kE kA $Y5E T,
o A AE FYL g gon 2 69 Y
ZolA ey

AR 3 xE koo Baa Fz e
for T, in Finish(T, ) = Finish(T;,)
do
if prior(T,w} > prior(Ty)) /% 2R 3-a %/
if %8(Tu) nRS(T,1) = ¢
restart Tj; and send NO to node 1;
else /% prior(Ti i) < prioc(T;,) 7+ %8 3-b */
hegin .
i WS(Ty4) n WS(T,,) = b
restart T,; and send NO to node 1:
end:

send YES to node 11 /% 213 3-39) 3-hefy 4w ot A 2

end:

(3% 6) =2 3(SAMH AE)0ll LSt doIS
(Fig. 6) Algorithm for condition 3{simultaneous Vali-
dation)

2+H 3-a. prior(T; ) ) prior(T; )

WS(T, JORS(T, ) #¢ A% $HE9 X9
H3A g T T &AM AN AYdes il
CHZERE T2 Aigrth

2 3-b. prior(T; ) { prior (T} )

WS(T, ) N WS(T, ) # ¢ 35 59 dolge] gt
AX27] @idel A2 24497} 2o T 2
ALE. 2t WS(T, ) NWS(T;, )=golZ WS
(T, JNRS(T, ) #4 AL L0587 =& T
o] 5 A3 Ty 8 718 AXB T WA $3 5o
TAEH e AT T T, A8 £471 4
Hech met SHEH7 B T 2 A48 Qe
7+ fict.

3.22MAR 7Y ALYy

ANE 22 7192 AF HAAAE D Ay
€ YAFLEN M2 & EAMN S| FF A
B 7104 He ZAYYE A sgt. dE S
EZ 30N T8 == kA T 9 33 ARE 7
GEL T 2 kX 10N T, 4Z 23S A2 7
TETE et wAasA b el Fag
Bol2 e G2 TRHYHNE AE 5 9
€ 4R 71Ye] vt ojof it} B T EdA

& AT SRR K2] AIABIO| SAIMS KO MK =2 IR AZE TEE AHNER 7 047 1427

HEH dY SME =2 ke MEe T =T, 7t 92
EEINNE T, —>T, w2 £ 3t = 5 Eq
BEY A EAoA A% BA7 22w s
TFoeycle)7t B QT ERNAS ] waAbe uhx
% T 49 A AP L 1P AN
Y 7149 A7 GAGM EPe g Ad AL 0
A3 Reo] vt ik A7 75E 2AEY 7y
< A% H$3F FALY Ao TREZJNE F=
AN M2 g8 EJRQHE ) 2HEHAE v
aFeBN A A4glol EAMAY A oneg
AR §A €

AR GE EANA T, T el 222 Qg A
B A7 T T BAA A S48y &4
(prior (T; ) ) prior (T, )2} AR5} & ERAMES o
EF F8E F A 290 9449 49 945
A de Ao AE DAl 244 njg B =
# EdAde) fimA) Ha T, 8 AE @A
A T, (8} FE0] EAF AX(WS (T;, ) NRS(T; ) # @)
$A¢9 vx A wa} o-gu ol AAAG

() prior (T, ) ) prior (15,0

T8 85 Q43 ;19 715 Q48 94 489
Rolog £HE9 FAs) IR sA g= T =T«
A¥ A7 AHET. A T, & FA) F29).

@i} prior (T; ) { prior (T} ) ' h

olg) WS(T;, ) NWS(T; )= ¢¢l S A4
AEglel dolee] 94 1AL ety T r2 &4
AL 2 WS(T, ) N WS(T; ) =g 29 T; 8
V5 443 T, 2] 718 didvte] 259 A9
T T« 2438 €471 4999 ol 449 &4
o dXglo= T3 T, = 25 $8% 4 gl

AAANL 2 AF AN S8 THF =AU
AE T, T, Top, Todll W13t 7171 BARE
Ti—=>Ty—-- Tooi»To—>T, 48 £XE e k|
<A AA7} prior(Ty) Y prior(Ty) ) -+ ) prior(T,_,) )
prior(T,) ) prior(T)¥ ] 4¢" 4 Ut} ey =
w29 AANE 32 SR E olds £ 449
A BATL $AEA 27 o] FALYY =44
AT Aoy A8 A7 $YH AAE A
AHO=H L€ €49 B8 HYr5age
FETH2M]. & EJNHAE ) HE Ao Y& ZY
Aol BAgo=m A dolgt Ui dBAo) &
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3.2.3 B4 AA|ZE B0 o] Az

dolelvt EAE 4 47 EAEA A A&
doAe oled] o #-8dlavailability)E FF
AZ e Aol ek ek 24 AL
“failure) /o] AT A diolg} Ao hT
A& AHj2vt o] @A He AAZF 2AELD #
HAME FEATL E-Y F UALF o dE %
gto] -y ook @t AAE 7|1¥e 94 AF F
oM A|2ele] ol FFe s 5d AFE ®
E XxZEZRE £90] $£EEHA £ A EXS
AT ALY Aot g4 F%& WA B
}. gElA] 2 =2dXe 93 AF FH L A&
EdYA #dAe FEATUY FFE gqlete
(B4 8 98 A d Azke] RIS A4S
t}. & golrol B4 w9 §¢ A57 =
A g 57 xS o) gide] 2AE AL
7+53 Helelrt A 228 F FdE ol g
2Rg 2AANA 27 N5 £3EE HF =414
A FEAE AF dA9 EdgHo] PFFHea F
28 AL 719 & 953 4= (majority rule)e]
uje} o] Aol BATA F& XSENA ERF
A9 8 A4S FEET Holete] =& 4ol
7t 2N FHHLEE gl FFAH22 AlLge
ol A4 YA E ¢ EWNLY FEE TEA
o] BAse] BEAE doletEd M {84
FAAE 4 ek

ol4t EAo] MR e=go] U}Fd EFHd
2AE dolgtSo] SAste =89 gt d o
€he] 734 «RE EoldA B AN dRE 9
we r=go HAH doletE E7E 2B A
£#o =4 dojg A ug dFgt FE4E
FASA Hok £ =T £44 AT EAHA
A Nz BT A FHAA AFE e
AFE g

4. 45 BH " "ol

41 A0l &
B4 A EXNA He] A2 dF A

oA FAESN 10(=N)WZ FHE B8 A7

7oA 2k ZAEvi) 1007] 9] dHieojet A E &F
3] & 1,00070¢] dioleHEWHHo] HA AN
49 e Holdz IAWEE doleH ol AE T4
st 283 2 dle]elz 3(=RepNo)7l 2] X0
2AE AL NAFsar] WfE & =9 Heolg
ol AAA 02 30079 deletER FAHET
2R A ARG ), 2 F2R)H AEHIAE AF
Fa¥EL ¥ 139 2

CE 1) AEE0| Mol ALRE T
{Table 1> Primary variables used in the simulation

e #
interarrival_time 20 90 msec
SF 1.33—4.0(2.022 314)
trans_size 824
CPU_time 5—15 msec
I/O_time 15—25 msec

Imsec(¢d 4248 34)
1-9(g&d d470] obd A%

Py 0.1-0.9

Comm_time

interarrival_time 5= 20 mseco] 4] 90 msecZ} A
10 msecd] F7HA 719 AP st B =F0F A
rol F24E Rie)F A= HYUHE A4 E
AHAE £71 TR W5 SFE 1.33904 4.07
A spaFos AAY 4 glor} £ =FdAE 20
oz FAHAT trans_size A5 854 24 Aelg]
9le] gto] 7PRF o2 AYPEEE F5§ R X (uniform
distribution)E Z# st dojehwol el A4
E "oletg #EIIA stE A-¢ t2Fd A
A&y A AZH/Q_time)d FF A FA <)%
A ZHCPU _time)o] B83tA Btk CPU_timedt 1/0
time®] B 2zt 10 msecs} 20 msecE A A 3}
don A2y ¥ ¥(trangular distribution)E 2]}
o Highs A0S BEaelA 5 msecE 717
o AAHHD. Comm_time M5E x=Fo] &4
A€ A B4 AQ Aol A9 gleEng ol 1
msecE AAEHT B4 AW Ahe] AA S48 F
Ate] 7S] HFIE 5 msecE HF A F71A
ASd e AEdo g 4z #PsATh 222
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A% SAe g 28 Az Val,,H Y9 3A3F)H
Valhenoe( B3 AE)E 22 | msecs HA 59}

EJA o] 53 dojgE BEF F 7|2 &
P, 0.1914 09714 0.18 Z71A7]9 A5t
71% %& Pt ¥ €55 4A EdAHE 7] 25
Hgo] golAA Hul /1% F&P.7F 0 F2 1.09]
He vd44<] 45 AQslgen =& dojg
A s g2 Fdd A2 M AL

E =2dM = 283 AAEFEIAY 44, 989 F
A, B4De U Bre) AP 2AEY uhE
€ e EA] gsiel a2l A 7<% (open queuing)
242 ojgsle Z FAEE 879 54 A8 FH
s} 16789} st=c]23E A9 AE8Y A= F44
G FE2 A M E 71 sk oHiel

42 M= o}

+4e9 B4 wye Hx T8 A SHearliest dead-
line) g o] wel FHE A Go] o|S4F EdA M
A= AdH o 2 ol WHE Hesdg
3] +4¢9 44 gy AN d3y FA49
Aol T2EZL EF ¥Z v449 RTL(realtime
locking) X2 = g{12]9] FL3A 48} 294 @
Z 4] 712§ RTL T2 eI £4497)
E2 Edade) o d4e) 34 Addn. a8
B EFA Lol FF A} FARE 7] (wait) A
=g¥gd ojntt - Aa9r o F& EdRMo #
5 EL2 07 2AGN EASe 4% 94 T829
717 A A== SA40] ). F71A TAL
Aol TEEZES ¥4 AAZ EFLA A A&
q 24 A g5t A7 TEY 2ASY 71 A
Edeld A4S E48 .

B =idAe FEAT AFEA 89
2loj7t 48] 4dHe= 734 AA7Hfirm real-time)
Al29 §4& a2 AcHi6). mety FaA g
ATHoE FEHA Y EdNAS Wrge
A 7] &(miss ratio)2 F 8™ 74 Fa8 4% Wt
242 IAHAG. A71&0) BELF BN HA
EJHL A A2HY Aol FA5E AL ¢n)
Lin= 8

4.2.1 3¢ 2207 Aol W& A7)-&(miss ratio)

AZE E2HRM K2 MARIO] SANE HORL B ZEE QIst A7t TSX AHS2 78 245 1429

tojetel] g 715 8 (P)L 0328 I3 4
oA Ha =27k4 Al 718 20 msecol A 90 msec7}
A 10 msec® F7HA7IH AP A 29 744
4% HuHI Qo ANE AL FEY 2459 7]
H-& 2y 78] T3 =l A TDS (Time-Driven Scheduling)
2 271499 4 AA A7 Comm_timeo] 1 msec<}
Bk 5 msec?l 9o o7t BE0|(TDS-15} TDS-5
2 #7) RTL 715} A Eold d3S(RTL-13
RTL-52 ®7))7 vz =1 slct. 744 71894 5
T ZA7HF Ao AASE ALgoA FHHe
EARQES 571 FolA B dojgs] FE s
7 7 AdHAY Airse EWdNAEY £7)
A& FasE A7 e webs P 2370
A AlZte] ARDFE TR 7|go] 41 8L BF @
ol AN FAE HF=AE A7k disiMe RIL-I
5} RTL-5 7]% 9] 47 &0] TDS-1 3 TDS-5 719
A71¢Rd 47 v & A7) et

71% =g (Pv) =« 0.3
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@ 60
Byt
]
w 40
£ —a—TDS-1
ﬁ 20 & RTL-1
. —a— TDS-5
0 —3—RTL-3
= = — I =] == T - B e} =]
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(Fig. 7) Percentage of missed deadlines for mean
interarrival time
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(Fig. 8) Percentage of missed deadlines for write prob-
ability( Py)
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(Fig. 8) Percentage of missed deadlines for criticality
T level
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